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Purpose: To explore the exact mechanism through which emodin down-regulates the
migration and invasion abilities of endometrial stromal cells. Moreover, to explore the
theoretical basis of emodin in the treatment of endometriosis.

Patients and Methods: Endometriosis endometrial stromal cells (EESs) were cultured
from 15 women with endometriosis and control endometrial stromal cells (CESs) were
cultured from 12 women without endometriosis. The levels of proteins were evaluated by
Western blot. The migration and invasion abilities of cells were detected by transwell
assays.

Results: The abilities of migration and invasion of EESs were much stronger than those of
CESs. After treated with emodin, the migration and invasion abilities of EESs and CESs
were significantly down-regulated, and the levels of integrin-linked kinase (ILK) and p-GSK-
3B were statistically down-regulated in EESs. Besides that, the expression of keratin was up-
regulated while the expression of vimentin, f-catenin and slug were all down-regulated by
emodin in a dose- and time-dependent manner. Silencing of ILK gene in EESs also achieved
the above effects, which were strengthened by emodin. Conversely, exogenous expression of
ILK in CESs increased the expression of p-GSK-3f, which were abrogated by emodin.
Furthermore, SB216763 increased migration and invasion abilities of CESs by facilitating
the epithelial-mesenchymal transition (EMT) through up-regulating levels of p-GSK-3, B-
catenin and slug, which were also abrogated by emodin.

Conclusion: Emodin inhibits the migration and invasion abilities of human endometrial
stromal cells by reversing the EMT via ILK/GSK-3f pathway. So, emodin may be consid-
ered as a promising targeted therapy for endometriosis.
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Introduction

Endometriosis is a common gynecological disease, characterized by the presence of
functional endometrium tissues at extrauterine locations. It affects around 10% of
women of reproductive age and results in dysmenorrhea, chronic pelvic pain,
infertility and decreased quality of life.'> Due to the unclear pathogenesis of
endometriosis, laparoscopic surgery is currently the first choice for endometriosis.
However, the recurrence rate of endometriosis is more than 20% within 2 years
after surgery.’ Up to now, it is widely accepted that endometriosis is caused by the
reflux menstruation, indicating that endometrial tissues can regurgitate into pelvic

cavity during menstruation and then survive and develop into endometriosis.* Still,
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how endometrial tissues survive elsewhere and develop
into endometriosis remains unclear.

transition (EMT), playing
essential roles in the metastasis of various tumors, endows

Epithelial-mesenchymal

cells with invasive and metastatic properties. During EMT,
epithelial markers are down-regulated while mesenchymal
markers are up-regulated, making epithelial cells lose cell
polarity and converted into mesenchymal cells. Published
evidences indicate that EMT also plays a significant part in
the initial formation of endometriosis for E-cadherin is
proved to be down-regulated, while N-cadherin and vimentin
are up-regulated in endometriosis.” " Additionally, our pre-
vious studies proved that the EMT plays a crucial role in the
pathogenesis of endometriosis by enhancing the migration
and invasion abilities of endometrial cells.®’

Integrin-linked kinase (ILK) is a serine-threonine kinase,
which plays essential roles in mediating the relationship
between cell-cell and extracellular matrix (ECM)-cell
interaction.'® Overexpression of ILK facilitates cell prolif-
eration, migration, invasion and EMT, as well as tumor
angiogenesis and vascular development in many cancers.'"*'?
Due to its kinase activity, ILK can directly phosphorylate
several downstream targets (Akt, NF-kB or GSK-3p) to
mediate cell-ECM and intracellular processes.'*'> Down-
regulated the ILK expression can significantly reduce the
expression of EMT associated transcription factors (Twist,
Zeb, slug or B-catenin in the nucleus), and then inhibited the
EMT process.'®!” Exogenous expression of ILK facilitated
the migration and invasion of cancer cells, while ILK inhibi-
tion suppressed tumor growth and invasion.'®'® Similar to
that, our previous study proved that ILK enhances migration
and invasion abilities of human endometrial stromal cells by
facilitating the EMT.’

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) is a
naturally occurring anthraquinone, presenting in the roots
and barks of numerous plants. As an active ingredient of
various Chinese herbs, emodin possesses various biologi-
cal activities, including antibacterial, anti-inflammatory,
immunosuppressive and anticancer effects.”’ Way et al
reported that emodin repressed the TWIST1-induced
EMT in head and neck squamous cell carcinoma cells.?'
Chen et al demonstrated that emodin inhibited the EMT of
high glucose induced-podocyte through ILK pathway.?*
Notably, with almost no toxic effect on normal cells,
emodin showed excellent cytotoxicity against cancer
cells.”*** Besides that, our previous study indicated that

emodin inhibited the migration and invasion abilities of

endometrial stromal cells by facilitating the mesenchymal—
epithelial transition (MET).»

Given that emodin can repress the EMT of cancers, we
investigated and proved that emodin inhibited the migra-
tion and invasion abilities of human endometrial stromal
cells.”> However, the exact pathway through which emo-
din inhibited the migration and invasion abilities of endo-
metrial stromal cells is still unclear. The current study was
undertaken to explore the exact mechanism through which
emodin inhibited the migration and invasion abilities of
human endometrial stromal cells.

Methods

Sample Collection and Cell Culture

The study included 15 women with endometriosis and 12
women without endometriosis. Endometriosis was visually
diagnosed during the laparoscopy for ovarian cysts and
then ascertained by pathological examination. Control
endometrium samples were from women who had surgery
for other benign ovarian cysts. All samples were taken at
the proliferative phase of menstrual cycle. All of the
participants were at reproductive age, had regular men-
struation and received no hormonal therapy for at least 6
months before the study, chosen from the Department of
Obstetrics and Gynecology, First Affiliated Hospital of
Fujian Medical University, from April 2017 to November
2019. Informed consent was obtained from all participants
prior to surgery. The Ethics Committee of the First
Affiliated Hospital of Fujian Medical University approved
the study (approval number: 2017[044]).

Endometriosis endometrial stromal cells (EESs) were
cultured from women with endometriosis and control
endometrial stromal cells (CESs) were cultured from
women without endometriosis. Both EESs and CESs
were generated from eutopic endometrium. As described
in our previous study, EESs and CESs were isolated,
cultured and evaluated the purity over 95% for the follow-
ing experiments.”

Western Blot Analysis

Procedures of Western blot were described previously.®
Primary antibodies used for immunodetection were anti-
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH),
anti-ILK, anti-GSK-3f, anti-p-GSK-3f, anti-B-catenin,
anti-slug, anti-vimentin as well as anti-keratin (Cell
Signaling Technology, Danvers, Massachusetts, USA).
Secondary antibodies were anti-rabbit and anti-mouse

submit your manuscript

3664

Dove

Drug Design, Development and Therapy 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Zheng et al

Table 1 The Sequences of ILK siRNA

Number Sense (50-30) Antisense (50-30)

ILK-homo-412 UGG ACA CCG UGA UAU UGU ATT UAC AAU AUC ACG GUG UCC ATT
ILK-homo-755 CAG CUU AAC UUC CUG ACG ATT UCG UCA GGA AGU UAA GCU GTT
ILK-homo-1486 GAC CCA AAU UUG ACA UGA UTT AUC AUG UCA AAU UUG GGU CTT
Negative control UUC UCC GAA CGU GUC ACG UTT ACG UGA C AC GUU CGG AGA ATT

IgG peroxidase conjugate (Millipore, Massachusetts,
USA). GAPDH was used as a loading control. The results
were quantified by densitometry, using Image J software
(NIH, Bethesda, Maryland, USA).

Transwell Migration and Invasion Assays
After treatment, cells were digested for migration and inva-
sion assays as described in our previous study.® For the
migration and invasion assay, 4 x 10* cells were seeded
into each transwell. Pictures (200x) were taken by the
Olympus IX51 inverted microscope (Olympus Corporation,
Tokyo, Japan). Cells were counted in four random fields of
each chamber.

Silencing of the ILK Gene in EESs

Showing a higher level of ILK,” EESs were transfected with
small-interfering RNA sequences targeting human ILK
(siRNA-ILK) to down-regulate the expression of ILK. The
siRNA-ILK sequences (Table
GenePharma Company (Shanghai, China). EESs were

1) were designed by

seeded in 6-well plates without antibiotics treated and
grown to 5060% confluence. Then, blank sequence (negative
control, N.C.) or siRNA-ILK (50 nmol/L), was co-trans-
fected into EESs using lipofectamine 2000 (Invitrogen Life
Technologies, Carlsbad, California, USA). Cells were
digested for following experiments after 48 hours of trans-
fection. ILK-homo-755 was used in the remaining tests for its
strongest transfection effect on the silencing of ILK.

Transient Transfection of the ILK Gene in
CESs

Showing a lower level of ILK,’ CESs were transfected with
ILK overexpression vectors (pEGFP-C1-ILK) to up-regulate
the expression of ILK.® The control vector (pEGFP-C1) and
pEGFP-C1-ILK were also designed by GenePharma
Company (Shanghai, China). CESs were seeded into 6-well
plates without antibiotics treated and grown to 7080% con-
fluence. Then, pEGFP-C1 (negative control) or pPEGFP-C1-
ILK (5 pg/well) was co-transfected into CESs using

lipofectamine 2000 (5 pg/well). After 48 hours of transfec-
tion, cells were digested for the following experiments.

Statistical Analysis

GraphPad Prism Version 5.01 (GraphPad Software, San
Diego, California, USA) was used for statistical analysis.
Student’s #-test and one-way ANOVA analysis were con-
ducted, respectively, to analyze the differences between
groups and among groups. Data were shown as mean =+
standard error of the mean (SEM). P value <0.05 was con-
sidered statistically significant (**P < 0.05, ***P < 0.005
and ****p < 0.001).

Results
Emodin Inhibited the Migration and
Invasion Abilities of Endometrial Stromal

Cells

Transwell migration and invasion assays were conducted to
confirm the migration and invasion abilities of EESs and
CESs. As expected, the abilities of migration and invasion
of EESs were much stronger than those of CESs (Figure 1).
Then, we treated cells with emodin (Sigma, St Louis,
Missouri, USA). As shown in Figure 1, emodin significantly
down-regulated the migration and invasion abilities of EESs
and CESs.

Emodin Decreased the Expression of ILK,
p-GSK-3p and Reversed the EMT of

Endometrial Stromal Cells

To explore the potential mechanism, we examined the expres-
sion of ILK and its downstream targets, including p-Akt,
p-GSK-3B, p-Erk and p-NF-kB, in EESs. After treatment
with emodin, the expression of ILK was decreased in a dose-
and time-dependent manner. However, only one of the ILK
downstream targets, p-GSK-3p, was decreased in a dose- and
time-dependent manner (Figure 2, Supplementary figure 1).

Besides that, the expression of keratin was up-regulated while
the expression of vimentin, B-catenin and slug were all down-
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Figure | Emodin inhibited the migration and invasion abilities of endometrial stromal cells. (A). Representative transwell migration and invasion assay of CESs and EESs
before and after treated with emodin. (B). Quantification of migration abilities of CESs and EESs before and after treated with emodin (¥*P < 0.005, **P < 0.001, *#p <
0.001). (C). Quantification of invasion abilities of CESs and EESs before and after treated with emodin (***P < 0.001, *#P < 0,001).

regulated by emodin in a dose- and time-dependent manner.
Thus, emodin reversed the EMT of EESs.

Emodin Reversed the EMT of Endometrial
Stromal Cells Through ILK/GSK-3f3
Pathway

To verify whether emodin reversed the EMT of endome-
trial stromal cells by targeting ILK, we silenced the ILK
by transfecting EESs with siRNA-ILK and over-
expressed the ILK by transfecting CESs with pEGFP-
C1-ILK. After transfection of siRNA-ILK, the levels of
ILK, p-GSK-3pB, B-catenin, slug and vimentin were all
down-regulated while vimentin was up-regulated in EESs
(Figure 3A and B). At the same time, the migration and
invasion abilities of EESs were down-regulated after the
transfection (Figure 3CE). Moreover, all the above effects
addition of emodin.

were strengthened by the

Consistently, exogenous expression of ILK up-regulated
the level of ILK, p-GSK-3p, B-catenin, slug and vimen-
tin, but down-regulated the level of keratin in CESs
(Figure 4A and B). At the same time, exogenous expres-
sion of ILK enhanced the migration and invasion abilities
of CESs (Figure 4CE). However, all the above effects
were abrogated by emodin (Figure 4).

Then, we tested whether ILK targeted GSK-3f to reg-
ulate the migration and invasion abilities of endometrial
stromal cells by using GSK-3 inhibitor SB216763 (Sigma
Aldrich, St. Louis, MO, USA), which can phosphorylate
GSK-3B to an inactive protein. Regarding the lower pro-
portion of p-GSK-3f in CESs, we treated the CESs with
SB216763. After treated CESs with SB216763 (10uM) for
48 h, the levels of p-GSK-3p, B-catenin, slug and vimentin
were all up-regulated, while the expression of keratin was
down-regulated (Figure 5A and B). Furthermore, the
migration and invasion abilities of CESs were both
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Figure 2 Emodin decreased the expression of ILK, p-GSK-3p and reversed the EMT of endometrial stromal cells in a dose- and time-dependent manner. (A). Representative
Western blots showing the expression of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in EESs after treated with increasing concentrations of emodin. (B).
Quantitative analysis of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in EESs after treated with increasing concentrations of emodin (*P < 0.05, **P < 0.005 and ***P <
0.001). (C). Representative Western blots showing the expression of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in EESs after treated with emodin for increasing
time. (D). Quantitative analysis of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in EESs after treated with emodin for increasing time (*P < 0.05, **P < 0.005 and ***P

< 0.001).

increased by SB216763 (Figure 5CE). Besides that, the
effects of SB216763 and emodin on CESs could be abro-
gated by each other (Figure 5). Taken together, emodin
inhibited the migration and invasion abilities of human
endometrial stromal cells by reversing the EMT through
ILK/GSK-3p pathway.

Discussion

Emodin, with almost no toxic effect on normal cells,
shows excellent cytotoxicity against cancer cells and inhi-
bits the migration and invasion abilities of several kinds of
cancer cells.’*2® However, the mechanism through which
emodin inhibits the migration and invasion abilities of
cancers remains to be elucidated. Gu et al reported that
emodin inhibited cell proliferation and invasion via

regulating EMT-related genes.”’ Way et al showed that
emodin inhibited the migration and invasion of head and
neck squamous cell carcinoma cells by repressing the
Twistl-induced EMT through inhibiting the p-catenin
and Akt pathways.?' A more recent study demonstrated
that emodin repressed the EMT of high glucose induced-
podocyte by inhibiting the ILK expression.”* Thus, EMT
may account for the inhibition of migration and invasion
abilities of emodin for its crucial role in the invasion-
metastasis cascade. Consistent with these studies, our pre-
sent study demonstrated that emodin inhibited the migra-
tion and invasion abilities of human endometrial stromal
cells by reversing the EMT through ILK/GSK-3f pathway.

ILK was previously reported to facilitate cell prolifera-

tion, migration and invasion in many cancers.”’ Emerging
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Figure 3 Silencing of ILK inhibited the migration and invasion abilities of EESs by reversing the EMT, which can be strengthened by emodin. (A). Representative Western
blots showing the expression of ILK, p-GSK-3, B-catenin, slug, keratin and vimentin in EESs after transfection siRNA-ILK with or without the treatment with emodin. (B).
Quantitative analysis of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in EESs after transfection siRNA-ILK with or without the treatment with emodin (*P < 0.05, **P
< 0.005, #¥P < 0,001, P < 0.005, *#P < 0.001). (C). Representative transwell migration and invasion assay of EESs after transfection siRNA-ILK with or without the
treatment with emodin. (D). Quantification of migration abilities of EESs after transfection siRNA-ILK with or without emodin (relative to EESs transfected with N.C.; *P <
0.05, *#*P < 0.005 and **P < 0.001). (E). Quantification of invasion abilities of EESs after transfection siRNA-ILK with or without emodin (relative to EESs transfected with N.

C.; ¥P < 0.005, ¥*P < 0.001 and P < 0.001).

studies proved that ILK facilitated the abilities of migra-
tion and invasion of cancer cells by inducing the EMT
program.’® Additionally, knockout of ILK decreased the
invasion and metastasis abilities of cells through inhibiting
the EMT process.’'** Considering the crucial roles of

EMT in modulating cell migration and invasion, ILK
may be a promising treatment target for various diseases.
Tang et al discovered that emodin inhibited the expression
of ILK through the crosstalk of AMPKa and ERK1/2
signaling.33 Similarly, Chen et al demonstrated that
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Figure 4 Exogenous expression of ILK facilitated the migration and invasion abilities of CESs by enhancing the EMT, which can be abrogated by emodin. (A). Representative
Western blots showing the expression of ILK, p-GSK-3f, B-catenin, slug, keratin and vimentin in CESs after transfection pEGFP-CI-ILK with or without the treatment with
emodin. (B). Quantitative analysis of ILK, p-GSK-3p, B-catenin, slug, keratin and vimentin in CESs after transfection pEGFP-CI-ILK with or without the treatment with
emodin (relative to CESs transfected with pEGFP-C; *P < 0.05, **P < 0.005, ***P < 0.001, *P < 0.05,"P < 0.005 and P < 0.001). (C). Representative transwell migration
and invasion assay of CESs after transfection pEGFP-CI-ILK with or without the treatment with emodin. (D). Quantification of migration abilities of CESs after transfection
PEGFP-CI-ILK with or without emodin (relative to CESs transfected with pEGFP-CI; P < 0.005, *P < 0.00| and **P < 0.001). (E). Quantification of invasion abilities of
CESs after transfection pEGFP-C-ILK with or without emodin (relative to CESs transfected with pEGFP-C; P < 0.005 and P < 0.001).

emodin suppressed the EMT of podocyte through ILK
pathway both in-vitro and in-vivo.”? In our previous
study, we observed significantly up-regulated expression
of ILK and increased abilities of migration and invasion in

EESs of endometriosis.>* Further study confirmed that

ILK increased the migration and invasion abilities of
EESs by facilitating the EMT of EESs.’

As an important kinase, ILK can directly phosphorylate
Akt, GSK-3B, Erk or NF-kB to mediate cell-ECM and
cell—cell interaction. Que et al demonstrated that ILK
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Figure 5 Emodin reversed the EMT of endometrial stromal cells through ILK/GSK-3p pathway. (A). Representative Western blots showing the expression of ILK, p-GSK-38,
B-catenin, slug, keratin and vimentin in CESs after treatment with SB216763 with or without emodin treatment. (B). Quantitative analysis of ILK, p-GSK-3p, B-catenin, slug,
keratin and vimentin in CESs after treatment with SB216763 with or without emodin treatment (*P < 0.05, **P < 0.005 and ***P < 0.001, #p < 0.05, P < 0.005 and P <
0.001). (C). Representative transwell migration and invasion assay of CESs after treatment with SB216763 with or without emodin treatment. (D). Quantification of
migration abilities of CESs after treated with SB216763 with or without emodin (*P < 0.05, **P < 0.005 and #p < 0.05). (E). Quantification of invasion abilities of CESs after
treated with SB216763 with or without emodin (*P < 0.05, **P < 0.005 and *P < 0.05).
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enhanced EMT by up-regulating the expression of Snail,
Slug and Twist2 through phosphorylating its downstream
signaling targets Akt and GSK-3p.*> Similarly, overex-
pression of ILK promoted migration and invasion of color-
ectal cancer cells by inducing EMT via NF-«B signaling.*®
In the present study, we detected the expression of p-Akt,
p-GSK-3B, p-Erk and p-NF-«B in EESs, but found only
p-GSK-3p was decreased along with ILK in EESs after
treated with emodin. Likewise, emodin was reported to
induce neurite outgrowth through GSK-3p signaling path-
ways in Neuro2a cells.>” Knockout of the ILK gene inhib-
ited the EMT program in human peritoneal mesothelial
cells through phosphorylation of GSK-3p.*> Moreover,
inhibition of GSK-3f is crucial for EGF-induced EMT in
human prostate and lung cancer.*® Previous studies indi-
cated that GSK-3f played a crucial role in controlling the
expression of B-catenin in the cytoplasm.39 As an inacti-
vated protein, p-GSK-3 stabilized both B-catenin and
slug, resulting in EMT.***' Lu et al demonstrated that
emodin decreased the invasion and metastasis abilities of
epithelial ovarian cancer cells by inhibiting the EMT via
ILK/GSK-3p/Slug signaling pathway.*> Consistent with
this, our study demonstrated that GSK-33 down-regulated
the expression of B-catenin and slug and played essential
roles in reversing the EMT procedure through which emo-
din inhibited the migration and invasion abilities of endo-
metrial stromal cells. Thus, we supposed that emodin
inhibited the migration and invasion abilities of EESs by
reversing the EMT of endometrial stromal cells through
ILK/GSK-3p/B-catenin/slug pathway.

Conclusion

Our study verified that emodin inhibited the migration and
invasion abilities of EESs by reversing the EMT of endo-
metrial stromal cells through ILK/GSK-3f signaling path-
way. Given that emodin shows almost no toxic effect on
normal cells, emodin may be considered as a promising
targeted therapy for endometriosis. However, further in
vivo studies are required to verify the potency of emodin
in the treatment of endometriosis.
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