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Moutan Cortex extract inhibited the proliferation and migration of endometrial stromal cells

by inhibiting OPN-induced, MAPK-mediated MMP9 activation
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Abstract

Endometriosis is frequent in women of childbearing age with a morbidity rate of approximately 10%. Its clinical
features mainly manifest as dysmenorrhea, chronic pelvic pain, and infertility. However, effective treatments are
still lacking; hence, it is necessary to identify an effective and safe treatment strategy on endometriosis. Moutan
Cortex extract (MCE) was prepared by decoction. Then, cell proliferation and apoptosis in human endome-
trial stromal cells (HESCs) were detected by cell counting kit-8, EAU cell proliferation assay, and flow cytome-
try. Wound-healing assay and transwell migration assay were performed to explore cell migration or invasion.
The expression of indicators of downstream signaling pathways was determined by Western blot analysis or
enzyme-linked-immunosorbent serologic assay. MCE treatment inhibited cell viability and proliferation in HESCs
while promoting cell apoptosis. MCE reduced migration and invasion of HESCs. Furthermore, MCE inhibited
osteopontin-induced, mitogen-activated, protein kinase (MAPK)-mediated matrix metallopeptidase 9 (MMP9)
activation, and upregulation of OPN reversed the effect of MCE on HESCs. In this study, MCE inhibited the pro-
liferation and migration of endometrial stromal cells by inhibiting OPN induced, MAPK-mediated MMP9 activa-
tion. MCE might be a novel treatment strategy on endometriosis.
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Introduction chronic pelvic pain, and infertility (Moradi et al., 2014;
Wang et al., 2020a). In addition, it is considered as a
potential cause of malignant tumors, such as endome-
trial and ovarian cancer (Bakir et al., 2021; Delic, 2018;

Kabukcuoglu and Hayit, 2020). Although it is a benign

Endometriosis (EM) is characterized by endome-
trial tissues with proliferation function at loca-
tions excluding myometrium of the uterus or

uterine cavity covered by endometrium (Gu, 2021,
#74). It is frequent in women of childbearing age
with a morbidity rate of approximately 10%, and its
clinical features mainly manifest as dysmenorrhea,

disease, it has a malignant behavior that causes great
stress to patients and their families and affects the qual-
ity of life. Current treatments of endometriosis, including
surgery, non-steroidal anti-inflammatory drugs (NSAID),
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and hormonal therapy, may led to several adverse effects
and high rate of recurrence (Wang et al., 2021). Therefore,
there is still a need to find novel and useful treatments.

Moutan Cortex (MC), the root bark of Paeonia suffru-
ticosa Andr. (Ranunculaceae), is a natural component
of traditional Chinese herbal medicine and is widely
used for activating blood circulation and resolving
blood stasis (Bai et al., 2021; Chen et al., 2005). Moutan
Cortex extracts (MCE) have been reported to possess a
very large number of biological activities. For example,
MCE exert protective effects against acute myocardial
ischemia—reperfusion (I/R) injury through antioxidant
and anti-apoptotic characteristics (Dan et al., 2016).
MCE exerts anti-inflammatory effects by inhibiting
the expression of iNOS and COX-2 through inactiva-
tion of the nuclear factor kappa B (NF-kB) pathway
(Chun et al., 2007). In addition, MC can significantly
reduce the area of laser-induced choroidal neovascu-
larization lesions and the degree of fluorescein leakage,
and components of MC (e.g., ellagic acid, paeonol, or
gallic acid) reduce cell migration, tube formation, and
hyperpermeability of retinal microvascular endothelial
cells (Lee et al., 2022). Furthermore, MC has antican-
cer effects to inhibit the proliferation and invasion of
bladder cancer cells and reduce size of bladder tumor
without altering blood biochemical parameters in vivo
(Lin et al., 2013). However, function of MCE has been
poorly reported in endometriosis and the mechanism
requires clarity.

Osteopontin (OPN) is a secreted phosphorylated glyco-
protein that is involved in adhesion, infiltration, angio-
genesis, and cell proliferation of ectopic endometrial cells
(Fu et al., 2021). Therefore, in this research, we explored
whether MCE can regulate OPN secretion to exert ther-
apeutic effects in endometriosis. It was discovered that
MCE inhibited the proliferation and migration, and pro-
moted apoptosis of endometrial stromal cells (HESCs)
by inhibiting OPN-induced, mitogen-activated pro-
tein kinase (MAPK)-mediated matrix metallopeptidase
9 (MMP9) activation.

Materials and Methods
Extraction of Moutan Cortex

Moutan Cortex extract was prepared as practiced in the
previous studies (Jang et al., 2017). Briefly, 100-g Moutan
Cortex was chopped and extracted in 1 L of distilled
water for 3 h at 100°C. Then, the sediment was removed
through filter and concentrated in vacuum. Finally, the
extract was lyophilized in a freeze dryer and stored. For
treating cells, the lyophilized product was dissolved in
distilled water and filtered.

Cell culture and treatment

Immortalized human endometrial stromal cells (HESCs,
CRL-4003) were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were
cultured as referred in the previous report (Tang et al.,
2019). In brief, cells were cultured in a 1:1 mixture
of Dulbecco’s Modified Eagle Medium (DMEM; Life
Technologies, USA) and Ham’s F-12 (Life Technologies)
containing 10% fetal bovine serum and 1% penicillin—
streptomycin antibiotic in a humidified incubator at 37°C
with 5% CO,.

Then, HESCs were treated with MCE (25, 50, and
100 pg/mL) for 48 h. For rescue experiments, HESCs
were treated with 5-uM human recombinant protein of
OPN (Abcam, Cambridge, MA, USA) in the presence of
100-pg/mL MCE for 48 h.

Cell counting kit-8 (CCK8)

HESCs (3 x 10%/well) treated with different concentra-
tions of MCE were put into a 96-well plate and cultured
for 48 h. Next, 10-uL. CCK8 solution (Beyotime Institute
of Biotechnology, Shanghai, China) was added into each
well and the absorbance value of each well was measured
at 450 nm on Thermo Multiskan MK3 (Thermo Fisher
Scientific, Waltham, MA, USA) after 2 h. Cell viability
was calculated as described previously (Ma et al., 2021).

EdU cell proliferation assay

HESCs (3 x 10%/well) treated with different concentra-
tions of MCE were seeded into a 96-well plate for 48 h.
Next, 150-puL 5-ethynyl-2’-deoxyuridine (EdU; RIBO
Biotechnology, Guangzhou, Guangdong, China) was
used to treat cells for 2 h at room temperature. Cells
were fixed with paraformaldehyde and mixed with 0.5%
Triton-X-100, and DAPI (4',6-diamidino-2-phenylindole)
was used to mark the nuclear position of cells. EAU-
positive cells were studied and calculated under a micro-
scope (Olympus, Shanghai, China) as done previously
(Wang et al., 2020b).

Flow cytometry

After being treated with different concentrations
of MCE for 48, HESCs were stained with Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide
(PI) reagent (Vazyme, Nanjing, China) under dark con-
ditions for 15 min. Subsequently, flow cytometry (BD
FACSCalibur™, BD Biosciences, Bedford, MA, USA) was
used to calculate apoptosis rate.
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Wound-healing assay

HESCs (2 x 10°/well) treated with different concentra-
tions of MCE were seeded into a 24-well plate. Next, a
200-uL pipette was used to scratch the cell layer and form
a wound. A light contrast microscope (magnification:
B x 51; Olympus Corporation, Tokyo, Japan) was used to
observe closure of the gap under x100 field and distance
of the wound closure was evaluated by the Image] soft-
ware. Migration rate was calculated based on previous
reports (Gu and Zhou, 2021).

Transwell migration assay

For the cell migration assay, 5 x 10* HESCs were treated
with different concentrations of MCE and suspended
in 200-uL cell medium without serum and plated in
the upper chamber of well (Corning, Tewksbury, MA,
USA). Next, 600-uL medium containing 15% fetal
bovine serum was added into the lower chamber. After
48 h, cells in the lower chamber were fixed with 0.1%
paraformaldehyde and stained with crystal violet. Cells
in the lower chamber were photographed using the
microscope (Olympus Corporation) under x100 field
and measured with the Image] software. For the cell
invasion assay, the upper chamber was precoated with
Matrigel (BD Biosciences) and all previous steps were
repeated.

Western blotting analysis

Total proteins was extracted from different groups as
described previously (Lu et al., 2019). Protein lysates
from cells were loaded to 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) to sep-
arate proteins by electrophoresis. The separated proteins
were then transferred to polyvinylidene difluoride mem-
branes (PVDF; Millipore, Billerica, MA, USA) with 5%
non-fat milk for 1 h at room temperature. Next, specific
antibodies were immersed overnight at 4°C, including
anti-proliferating cell nuclear antigen (PCNA; ab92552,
1:1,000), anti-cleaved caspase-3 (ab2302, 1:1,000), anti-
BAX (ab32503, 1:1,000), anti-B-cell lymphoma pro-
tein 2 (BCL-2; ab32124, 1:1,000), anti-OPN (ab214050,
1:1,000), anti-p-MEK-1 (ab96379, 1:1,000), anti-MEK-1
(ab32576, 1:1,000), anti-p-extracellular signal-regulated
kinase (ERK; ab201015, 1:1,000), anti-ERK (ab209321,
1:1,000), anti-MMP9 (ab76003, 1:1,000), and anti-B-
actin (ab8227, 1:1,000). All the antibodies were acquired
from Abcam, Cambridge, MA, USA. Next, mem-
branes were washed thrice in mixture of tris-buffered
saline and polysorbate 20 (TBST), and incubated with
horseradish peroxidase (HRP)-conjugated secondary
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immunoglobulin G (IgG) antibody (ab205718, 1:2,000;
Abcam) for 1 h at room temperature. Finally, the mem-
branes were washed with enhanced chemiluminescence
reagent (Beyotime), and the Image] software was used
for quantification.

Enzyme-linked-immunosorbent serologic assay (ELISA)

Osteopontin content was detected by ELISA. The OPN
ELISA kits (ab269374; Abcam) were used according to
the manufacturer’s protocol. The absorbance values were
measured at 450 nm using a microplate spectrophotom-
eter (Tecan, Switzerland). The OPN content was calcu-
lated according to standard curves.

Statistical analysis

All results were represented by mean and standard
deviation (SD) of mean values taken from three distinct
experiments. The statistical analysis was done by using
the GraphPad Prism 7.04 software. The Student’s ¢-test
was used for comparisons between two groups, while
one-way ANOVA was used for comparisons between
multiple groups; P < 0.05 was considered as statistically
significant.

Results

MCE inhibited the proliferation of human endometrial
stromal cells

In order to investigate the role of MCE in HESCs,
we treated HESCs with different concentrations of
MCE (0, 25, 50, and 100 pg/mL). The CCKS8 assay was
applied to assess cell survival. As shown in Figure 1A,
MCE could decrease cell viability rate of HESCs in a
concentration-dependent manner. The IC50 value of
HESCs was 157.4 ng/mL as shown in Supplementary
Figure S1A. Subsequently, the HESCs were treated
with 100-pg/mL MCE for 24, 48, and 72 h. Compared
with the control group, the cell survival rate decreased
following the treatment with MCE (Figure S1A). In
addition, cell proliferation of HESCs was analyzed by
EdU labeling. The results elucidated that MCE inhib-
ited the cell proliferation of HESCs (Figure 1B). In
addition, PCNA can be used as an indicator to eval-
uate the proliferation status of cells, and the protein
levels of PCNA were assessed by Western blot analy-
sis (Figure 1C). We observed that the protein levels of
PCNA were downregulated by MCE in HESCs. These
results suggested that MCE could inhibit the prolifer-
ation of HESCs.
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MCE inhibited the proliferation of HESCs. (A) Cell viability of HESCs treated with different concentrations of MCE

(0, 25, 50, and 100 pg/mL) was measured by CCK8 assay. (B) Cell proliferation of HESCs treated with different concentrations
of MCE (0, 25, 50, and 100 pug/mL) was detected by EdU staining. (C) The protein levels of PCNA were assessed by Western blot
analysis in HESCs treated with different concentration of MCE (0, 25, 50, and 100 pg/mL). *P < 0.05, **P < 0.01, ***P < 0.001,

compared with MCE concentration of 0 pg/mL.

MCE promoted apoptosis in human endometrial
stromal cells

Furthermore, the impact of MCE on the apoptosis of
HESCs was also elevated by flow cytometry and Western
blot analysis. As shown in Figure 2A, the cell apoptosis
rate of HESCs was dramatically increased in the cells
treated with high concentrations of MCE (P < 0.001). The
expression of BAX and cleaved caspase-3 was increased,
while the expression of BCL-2 was reduced in HESCs
when treated with different concentrations of MCE
(Figure 2B). These data suggested that MCE could pro-
mote apoptosis in HESCs.

MCE inhibited migration and invasion of human
endometrial stromal cells

The wound-healing assay and transwell migration
assay were used to estimate the ability of migration and
invasion in HESCs. According to the analysis of the
post-transfection cell migration coverage area at 48 h,
MCE diminished the migration of HESCs (Figure 3A).
In addition, the results of transwell migration assay also

indicated that MCE weakened migration and invasion
cells in a concentration-dependent manner (Figure 3B).
Thus, the data confirmed that MCE could inhibit migra-
tion and invasion of HESCs.

MCE inhibited OPN-induced, MAPK-mediated
MMP9 activation

Osteopontin may be involved in adhesion, infiltration,
angiogenesis, and cell proliferation of endometriosis
endothelial cells. Hence, we measured the expression
of OPN and OPN’s downstream pathway proteins to
explore the possible molecular mechanisms of MCE in
HESCs. As shown in Figures 4A and B, MCE suppressed
the expression of OPN, and the phosphorylation of
MEK1 and ERK was inhibited by MCE. In addition,
MMP9 was the downstream protein of the MAPK path-
way, and MCE could downregulate the expression of
MMP9 (Figure 4C). ELISA was used to measure OPN
changes in level of content and found that MCE reduced
its content in HESCs (Figure 4D). These results suggested
that MCE could inhibit OPN-induced, MAPK-mediated
MMP?9 activation.
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Figure 2. MCE promoted apoptosis in HESCs. (A) The apoptosis rate of HESCs treated with different concentrations of MCE
(0, 25, 50, and 100 pg/mL) was measured by flow cytometry. (B) The protein levels of BAX, cleaved caspase-3, and BCL-2 were
measured by Western blot analysis in HESCs treated with different concentrations of MCE (0, 25, 50, and 100 pg/mL). *P < 0.05,
**P <0.01, **P < 0.001, compared with MCE concentration of 0 ug/mL.
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Figure 3. MCE inhibited migration and invasion of HESCs. (A) Migration rate of HESCs treated with different concentrations
of MCE (0, 25, 50, and 100 png/mL) was measured by wound-healing assay. (B) Migration and invasion of HESCs treated with
different concentrations of MCE (0, 25, 50, and 100 pg/mL) was measured by transwell migration assay. *P < 0.05, **P < 0.01,
***P < 0.001, compared with MCE concentration of 0 pg/mL.

Upregulation of OPN reversed the effect of MCE in

human endometrial stromal cells

to treat HESCs in the presence of MCE. In Figure 5A,
OPN protein level was enhanced in HESCs cotreated
with OPN and MCE, compared with HESCs treated

In order to further investigate whether MCE regulated with MCE alone. In addition, overexpression of OPN
HESC:s cells via OPN, we used OPN recombinant protein also increased the phosphorylation of MEK1 and ERK,
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Figure 4. MCE inhibited OPN-induced, MAPK-mediated MMP9 activation. (A) The protein levels of OPN were measured by
Western blot analysis in HESCs treated with different concentrations of MCE (0, 25, 50, and 100 pg/mL). (B) The protein levels
of p-MEK1, MEK1, p-ERK, and ERK were measured by Western blot analysis in HESCs treated with different concentrations of
MCE (0, 25, 50, and 100 pg/mL). (C) The protein levels of MMP9 were measured by Western blot analysis in HESCs treated with
different concentrations of MCE (0, 25, 50, and 100 pg/mL). (D) The content of OPN was measured by ELISA in HESCs treated
with different concentrations of MCE (0, 25, 50, and 100 pg/mL). *P < 0.05, **P < 0.01, ***P < 0.001, compared with MCE concen-

tration of 0 pg/mL.

as well as MMP9 protein expression, in the presence of
MCE (Figures 5B and C). Overexpression of OPN sig-
nificantly abolished the suppressive effect of MCE on
cell viability (Figure 5D). The effect of promoting cell
apoptosis of MCE in HESCs was also reversed by OPN
(Figures 5E and F). According to wound-healing assay,
the migration rate of HESCs decreased after MCE treat-
ment, while this phenomenon was reversed after co-
conditioned with OPN (Figures 5G and H). Together, our
findings suggested that MCE played an important role in
HESCs through inhibited OPN expression.

Discussion

Hyperproliferation and invasion of endometrial cells
outside the uterus is one of the distinctive features of

endometriosis, which causes pain and infertility in
childbearing aged women. Among them, HESCs play
an important role on endometrial metaplasia, vascular
remodeling, immune cell recruitment, and abundant
molecular production (Bozorgmehr et al., 2020). In the
development of endometriosis, HESCs may play a role in
infiltration, proliferation, and invasion, analogous to that
of tumor cells (Altayyeb et al., 2020; Huang et al., 2020;
Li et al., 2021). Therefore, controlling cell proliferation,
migration, and invasion of HESCs may be an important
breakthrough in the treatment of endometriosis (Gu and
Zhou, 2021).

In recent years, traditional Chinese medicine (TCM)
has gained increasing attention in treating various dis-
eases, including endometriosis, especially herbal extracts
and herbal monomers, because of their multiple active
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Figure 5. Upregulation of OPN reversed the effect of MCE on HESCs. (A) The protein levels of OPN were measured by West-
ern blot analysis in HESCs treated with 100-ug/mL MCE or 5-uM OPN. (B) The protein levels of p-MEK1, MEK1, p-ERK, and
ERK were measured by Western blot analysis in HESCs treated with 100-pg/mL MCE or 5-uM OPN. (C) The protein levels of
MMP9 were measured by Western blot analysis in HESCs treated with 100-pg/mL MCE or 5-uM OPN. (D) Cell viability of HESCs
treated with 100-ug/mL MCE or 5-uM OPN was measured by CCK8 assay. (E and F) The apoptosis rate of HESCs treated with
100-pg/mL MCE or 5-uM OPN was measured by flow cytometry. (G and H) Migration rate of HESCs treated with 100-ug/mL MCE
or 5-uM OPN was measured by wound-healing assay. *P < 0.05, **P < 0.01, ***P < 0.001, compared with MCE concentration of
0 pg/mL; &P < 0.05, 3P < 0.01, 344P < 0.001, compared with MCE concentration of 100 pg/mL.

targets. For instance, tanshinone IIA was described to
significantly inhibit the growth of ectopic endometrium
in a rat model and was associated with decrease in the
proteins of the renin—angiotensin system (Chen and
Gong, 2020). Berberine also inhibits the proliferation,
invasion, and migration of HESCs by downregulating
miR-429 (Gu and Zhou, 2021).

In this experiment, we used MCE to explore potential
therapeutic role in endometriosis. MC is the root bark of
Paeonia suffruticosa Andr., and is widely used for activat-
ing blood circulation and resolving blood stasis (Bai et al.,
2021; Chen et al., 2005); however, it has been rarely inves-
tigated in endometriosis. It has been reported that the
main bioactive ingredients of MC include paeonol, gal-
lic acid, quercetin, B-sitosterol, paeoniol, et al. Previous
reports showed that gallic acid reduced the adhesion
and cell cycle progression of HESCs and provided a new
and promising candidate for treating endometriosis (Mc
Cormack et al., 2020). Quercetin could inhibit prolifera-
tion in VK2/E6E7 and End1/E6E7 cells to act as a natu-
ral therapeutic to reduce and treat endometriosis (Park
et al., 2019). Additionally, active ingredients paeonol
and P-sitosterol also had analogous function in treat-
ing endometriosis (Ilhan et al., 2019; Pang et al., 2021).

Therefore, we hypothesize that MCE could also play a
role in alleviating clinical manifestations of endome-
triosis. Interestingly, in our study, we found that MCE
inhibits proliferation, migration, and invasion, as well as
promote apoptosis, in HESCs.

Osteopontin is a secreted phosphorylated glycoprotein.
It contains a specific arginine-glycine-aspartate (Arg-
Glu-Asp, RGD) sequence. This sequence is identical
to the adhesion sequence of many extracellular matrix
proteins and plays an important role in the adhesion
function of OPN. OPN is closely associated with the
pathogenesis of endometriosis. As reported previously,
OPN promoted cell proliferation, migration, and adhe-
sion in endometrial cells. OPN is also an identified bio-
marker of endometriosis (Cao et al., 2019; Cho et al.,
2009; Fu et al., 2021). In addition, studies have demon-
strated that OPN could activate p38 MAPKs pathway
(Yu, 2021, #77). It has been demonstrated that MAPK
signaling cascade was involved in the pathogenesis of
endometriosis. On the one hand, activation of MAPKs
mediated extracellular and intracellular signaling trans-
mission in endometrial cells, thereby affecting growth,
motility, and angiogenic properties in endometrial cells
(Dai et al., 2019). On the other hand, MAPKs were also
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involved in inflammatory response, thereby exacerbat-
ing the pathogenesis of endometriosis (Liu et al., 2020).
Furthermore, activation of MAPKs could enhance the
activity of matrix metalloproteinase MMP9, which is
known to participate in both invasion and metastasis
of endometriosis (Cheng et al., 2022). Not surprisingly,
our study also demonstrated that MCE could inhibit
OPN-induced, MAPKs-mediated MMP9 activation to
alleviate the abnormalities of HESCs in proliferation,
migration, and invasion.

However, our study only explored the role of MCE at
the cellular level and had not yet explored effects on
animal models of endometriosis. The future studies
should focus on the efficacy, drug distribution, and
toxicology of MCE in animal models of endometrio-
sis. In addition, other potential active targets that may
be regulated by MCE should also be investigated in
the future research. Finally, this study was not con-
ducted using clinical samples, which is its limitation;
hence, the forthcoming studies must be conducted
using endometriotic primary cells from endometriosis
patients.

Conclusion

We explored the effect of MCE on HESCs and discov-
ered that MCE inhibited the proliferation and migration,
as well as promoted apoptosis, of HESCs by inhibiting
OPN-induced, MAPK-mediated MMP9 activation. The
results of the study could provide a novel treatment strat-
egy on endometriosis.
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Figure S1.  (A) IC50 values in HESCs cells were exposed to increasing doses of MCE from 1 to 256 pug/mL after 48 h measured
by CCK8. (B) The viability of HESCs cells was exposed to MCE for 24, 48, and 72 h measured by CCK8.
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