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Abstract: New treatments for Ewing’s sarcoma (ES) are urgently needed. Magnolol, an active ingredient in Magnolia
officinalis, shows anti-oxidative, anti-microbial, and anti-tumor effects, but its effect on ES is unknown. We examined
the effect of magnolol on ES cell proliferation and apoptosis in vitro as well as the mechanism of its anticancer ef-
fect. The results demonstrated that magnolol inhibited the proliferation of ES and induced ES cell apoptosis through
the mitochondrial and death receptor pathways. Magnolol reduced MEK1/2, ERK1/2, and STAT3 phosphorylation in
ES cells, suggesting that the MAPK/ERK and JAK/STAT3 signal transduction pathways are involved in the inhibition
of ES cell growth by magnolol. In short, magnolol is a potential anti-ES drug.
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Introduction

Ewing’'s sarcoma (ES) is a malighant bone
tumor commonly found in children and adoles-
cents. The long-term survival rate of patients
with ES was less than 10% before the applica-
tion of multiple chemotherapeutic drugs [1]. In
recent years, with further improvements in
imaging techniques, surgical techniques, and
chemotherapy regimens, the 5-year survival
rate of ES has reached 60-70%, but the progno-
sis of patients with metastasis and recurrence
remains poor [2]. Treatments for improving the
survival rate and quality of life are currently
being examined. As a natural source with few
side effects, traditional Chinese medicine plays
a unique role in the comprehensive treatment
of malignant tumors [3]. Therefore, using mod-
ern scientific theory to interpret the roles and
molecular mechanisms of traditional Chinese
medicines in the adjuvant treatment of ES will
more effectively improve the survival rate and
quality of life of patients with ES.

Magnolia officinalis is a widely used drug in tra-
ditional Chinese medicine and Japanese Ka-

mpo medicine and is administered clinically to
treat bacterial infections, inflammation, and
gastrointestinal diseases [4]. Magnolol is one of
the main active ingredients in M.officinalis.
Previous studies showed that magnolol exerts
anti-inflammatory [5], anti-oxidation [6], neuro-
protection [7], and antibacterial effects [8]
through various molecular mechanisms. Recent
studies confirmed that magnolol has good anti-
tumor effects in vitro and can inhibit human
bladder cancer cells [9], prostate cancer cells
[10], ovarian cancer cells [11], glioma cells [12],
thyroid cancer cells [13], histiocytic lymphoma
[14], and other malignant tumor cells, and its
anti-tumor effect has multiple targets in multi-
ple pathways. However, no studies have exam-
ined the effect of magnolol on ES.

Apoptosis is a cell suicide phenomenon that
occurs in a specific time and space and is tight-
ly regulated by the body. It plays an important
role in the occurrence of many normal physio-
logical functions [15]. It can be triggered by
two different pathways: an intrinsic pathway
(mitochondrial pathway) and extrinsic pathway
(death receptor pathway) [16]. Currently, a vari-


http://www.ajtr.org

Magnolol induces human Ewing sarcoma SK-ES-1 cell apoptosis

SK-ES-1 (24 h)

*

100+ 100+

80+ 804

60 60
404 40

204 204

Cell viability(% of control)
Cell viability(% of control)

0 10 20 30 40 50
Concentration of magnolol (uM)

0

SK-ES-1 (48 h)

10

20

SK-ES-1 (72 h)
1004

ok

804

60

404

204

Cell viability(% of control)

0 10 20 30 40 50
Concentration of magnolol (uM)

30 40 50
Concentration of magnolol (uM)

Figure 1. Magnolol inhibits SK-ES-1 cells growth. SK-ES-1 cells were treated with different concentrations of mag-
nolol for 24, 48 and 72 h separately, and a CCK-8 assay was performed to detect cell viability. It was observed
that magnolol can inhibit the viability of SK-ES-1 cells in a dose-dependent manner at 24, 48 and 72 h. *P<0.05,
**P<0.01, ***P<0.001 vs O uM concentration magnolol treated group. Statistically significant difference was de-

termined using one-way ANOVA.
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receptor pathway. Additionally,
the Janus kinase (JAK)/sig-
nal transducer and activator
of transcription 3 (STAT3) and
mitogen-activated protein ki-
nase (MAPK)/extracellular sig-
nal-regulated kinase (ERK)
signal transduction pathways
are closely related to cell pro-
liferation and apoptosis. We
also hypothesized that magn-
olol can inhibit ES cell prolifer-
ation by affecting the phos-
phorylation levels of ERK and
STAT3.

In this study, we investigated
the effects of magnolol on the
activity and apoptosis of ES
SK-ES-1 cells and further
examined the molecular me-
chanisms involved.

Figure 2. Magnolol leads to changes in cell morphology. Apoptotic nuclei

stained with Hoechst 33258 (24 h) showed nuclear chromosome condensa-

Materials and methods

tion and fragmentation (magnification, 100x). Apoptosis is a gene-regulated

phenomenon and characterized by cell membrane blebbing, cell shrinkage,

Cell culture

nuclear fragmentation, chromatin condensation, DNA fragmentation, and

formation of apoptotic bodies.

ety of anti-tumor Chinese medicines have been
shown to exert pharmacological effects by
inducing the apoptosis of tumor cells [17].
Studies have shown that magnolol induces
apoptosis of human malignant melanocytes
A375-S2 via the mitochondrial and death
receptor pathways [18]. We predicted that mag-
nolol promotes apoptosis in ES cells by activat-
ing the mitochondrial pathway and/or death

1673

The human ES cell line SK-ES-

1 was obtained from the
American Type Culture Collection (Manassas,
VA, USA). Cells were cultured in RPMI-1640
medium supplemented with 10% (v/v) fetal
bovine serum, 100 U/ml penicillin, and 100 ug/
ml streptomycin. The cells were grown at 37°C
in a humidified atmosphere containing 5% CO,,.
The cells used in this study were passaged
fewer than 20 times and all cells examined
were exponentially growing.
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medium was <0.5%. All oth-
er chemicals were purchas-
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Cell viability was determined
by CCK-8 assay

SK-ES-1 cells were cultured in
96-well plates (5x10° cells/
Q3 well), and cell viability was
determined by the CCK-8 colo-

rimetric assay. Briefly, the
cells were treated with magn-
olol (10, 20, 30, 40 and 50
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27.9 control cells were treated with
<0.5% (v/v) DMSO. After the
indicated incubation times,
10 ul of CCK-8 was added to
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the plates, which were incu-
bated for an additional 1-4 h
at 37°C. Thereafter, the absor-
bance was measured at 450

130 nm using an ELISA plate read-

VWAARAARY . RaRd}

kkk

*kk

0 20 30 40

Magnolol concentration(uM)

Figure 3. Magnolol induces SK-ES-1 cells apoptosis. A. Representative im-
ages obtained by flow cytometry after double staining with Annexin V-FITC/
Pl and apoptosis rate of SK-ES-1 cells in the control and magnolol treatment
groups (24 h). B. *P<0.05, ***P<0.001 vs O uM concentration magnolol
treated group. Statistically significant difference was determined using one-

way ANOVA.

Material

Magnolol (Source: stem bark of M.officinalis;
MF: 018H1802; MW: 266.33; purity: 99.72%,
HPLC) was purchased from Shanghai Wildlife
Technology (Shanghai, China). A stock solution
of magnolol was prepared in dimethyl sulfoxide
(DMSO; Sigma, St. Louis, MO, USA) and an
equal volume of DMSO was added to the con-

trol. The final concentration of DMSO in the
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er (Model EXL800; BioTek
Instruments, Inc., Winooski,
VT, USA).

Hoechst 33258 staining for
observation of nuclei

SK-ES-1 cells were incubated
with magnolol (O, 20, 30 and
40 uM) in 6-well plates for 24
h. The cells were then fixed
with 4% paraformaldehyde for
30 min. Thereafter, the cells
were washed three times with
pre-cooled PBS and stained
with 10 mg/I Hoechst 33258
solution for 10 min at 25°C in
the dark. Subsequently, the
stained nuclei were observed
under a fluorescence micro-
scope (Olympus Corp., Tokyo, Japan) at 350 nm
excitation and 460 nm emission wavelengths
(original magnification, 100x).

Annexin V-FITC/PI apoptosis assay

SK-ES-1 cells were cultured for 24 h with mag-
nolol (0, 20, 30 and 40 uM), washed twice with
ice-cold PBS, and resuspended at a concentra-
tion of 1x10° cells/ml in 1x binding buffer. The
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Figure 4. Magnolol inhibits SK-ES-1 cells migration. Transwell cell culture

coated with 100 ug/mL Ma-
trigel, and then 1x10°% cells
were seeded into the upper
chamber and treated with ma-
gnolol (0, 20, 30, 40 uM). Wh-
en the cells migrated, 1x10°
cells were directly inoculated
into the upper chamber and
treated with magnolol (O, 20,
30, 40 yM). Subsequently, the
lower wells were filled with
RPMI-1640 medium supple-
mented with 15% (v/v) fetal
bovine serumin 24-well plates.
After 24 h of incubation, the
non-invasive cells in the upper
chamber were removed with a
cotton swab, and the cells
attached to the lower sur-
face were fixed with pre-
cooled methanol and stained
with a 0.1% crystal violet solu-
tion. Five areas of each cham-
ber were randomly selected,
and the number of cells was
counted under the micro-
scope (original magnification,
40x). The number of migrated
or invading cells was analy-
zed by Image) software (NIH,
Bethesda, MD, USA).

chamber was used to test SK-ES-1 cell migration after treatment with mag-

nolol (0, 20, 30, 40 uM) (magnification, 40x). SK-ES-1 migrating cells were

Western blot analysis

quantified with ImageJ software. Data are expressed as the mean + SD of

three independent experiments. ***P<0.001 vs control.

cell suspension (100 ul) was incubated with 1
pl annexin V-FITC and 2 pl PI solution for 15
min at 25°C in the dark. After adding 150 pl of
1x binding buffer, the samples were analy-
zed using a BD Accuri C6 flow cytometer (BD
Biosciences, San Jose, CA). Apoptosis rates
were analyzed using the BD Accuri C6 Plus soft-
ware (Version 1.0.23.1, BD Biosciences, San
Jose, CA). The Annexin V-FITC/Pl Apoptosis
Assay Kit was obtained from Becton-Dickinson
(San Jose, CA).

Cell migration and invasion assay

Migration and invasion of SK-ES-1 cells were
examined using a Transwell cell culture cham-
ber (8 um pore size). When detecting cell inva-
sion, the membrane in each chamber was first

1675

For STAT3 (RabMAbs, 1:2000,

ab68153, Abcam, Cambridge,
UK), p-STAT3 (RabMAbs, 1:2000, ab76315,
Abcam), MEK1/2 (RabMAbs, 1:1000, ab13-
1517, Abcam), p-MEK1/2 (RabMAbs, 1:1000,
ab194754, Abcam), ERK1/2 (RabMAbs, 1:
10000, ab184699, Abcam), p-ERK1/2 (Rab-
MADbs, 1:2000, ab201015, Abcam), B-cell lym-
phoma 2 (Bcl-2, RabMAbs, 1:2000, ab182858,
Abcam), Bcl-2-associated X protein (Bax,
RabMAbs, 1:1000, ab32503, Abcam), cyto-
chrome C (RabMAbs, 1:5000, ab133504,
Abcam), caspase-3 (RabMAbs, 1:5000, ab-
32351, Abcam), caspase-8 (RabMAbs, 1:1000,
ab108333, Abcam), caspase-9 (RabMAbs,
1:1000, ab32539, Abcam), poly (ADP-ribose)
polymerase (PARP, RabMAbs, 1:1000, ab-
32138, Abcam), and GAPDH (rabbit polyclonal
antibody, 1:2500, ab9485, Abcam) were used.
The goat anti-rabbit secondary antibody
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Figure 5. Magnolol inhibits SK-ES-1 cells invasion. Transwell cell culture
chamber coated with Matrigel to test SK-ES-1 cell invasion after treatment
with magnolol (0, 20, 30, 40 uM) (magnification, 40x). SK-ES-1 invading
cells were quantified by ImageJ software. Data are expressed as the mean +
SD of three independent experiments. ***P<0.001 vs control.

(1:2000, 10285-1-AP) was purchased from
Proteintech Group, Inc. of Wuhan Sanying
(Wuhan, China).

SK-ES-1 cells were cultured in a 6-well plate at
a density of 2x10° cells/well. After treatment
with magnolol (0, 20, 30 and 40 uM) for 24
hours, cells were harvested andlysed in RIPA
buffer containing a protease inhibitor cock-
tail (Sigma-Aldrich). The lysate was centrifug-
ed at 12,000xg for 10 minutes at 4°C. The
supernatant was then collected, and the pro-
tein concentration was determined by a BCA
protein assay kit (Thermo Fisher scientific).
Proteins (10 pl) were loaded and separated
using SDS-PAGE (10% gel), followed by transfer
onto polyvinylidene difluoride (PVDF) mem-
branes. The membranes were blocked with 5%
(w/v) fat-free milk in Tris-buffered saline con-
taining 0.05% Tween-20 (TBS-T) and then incu-
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bated with primary antibodi-
es at 4°C overnight. The next
day, the PVDF membranes
were washed three times in
TBS-T. Secondary HRP-con-
jugated antibodies were incu-
bated for 2 h at room temper-
ature. Immunoreactive pro-
teins were detected using
an enhanced chemilumines-
cence system (Amersham Li-
feScience, Inc., Pittsburg, PA,
USA) according to the manu-
facturer’s instructions. The
gray values of the bands were
analyzed using the Imagel
software (National Institutes
of Health, Bethesda, MD,
USA).

Statistical analysis

All data were calculated as the
mean * standard deviation
(SD) and analyzed with Gra-
phpad Prism 7.0 software (La
Jolla, CA, USA). One-way analy-
sis of variance (ANOVA) was
conducted with the Newman-
Keuls method to determine
the significance of the differ-
ences between the experi-
mental conditions. All experi-
ments were repeated at least
three times. P<0.05 was con-
sidered significant and represented by *,
P<0.01 was represented by ** and P<0.001
by ***,

Results
Effect of magnolol on viability of SK-ES-1 cells

Relative absorbance was measured in the
CCK-8 assay, and SK-ES-1 cells were exposed
to different concentrations of magnolol. Control
cells (O yM magnolol) were considered as the
baseline (100% viable) for the analysis. Figure
1 shows that magnolol appeared to be an effec-
tive inhibitor of SK-ES-1 cell viability, which was
inhibited in a dose-dependent manner. The
IC50 values of SK-ES-1 cells treated with mag-
nolol were 35.85, 28.63 and 25.40 uyM at 24,
48 and 72 h, respectively. Subsequently,
SK-ES-1 cells were treated with magnolol at
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apoptosis rate of the control
group (sum of early and late
apoptosis) was 13.2+2.25%.
After 24 h of treatment with
magnolol (20, 30 and 40 uM),

’ the apoptotic rate increas-
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Effect of magnolol on migra-
tion and invasion of SK-ES-1
cells

We measured the effects of
magnolol on the migration
and invasion of SK-ES-1 cells
in Transwell chamber experi-
ments. After treatment with
magnolol (0, 20, 30, and 40
uM) for 24 h, the Transwell
chamber test showed that the
number of cells migrating or
invading into the transwell
ventricular membrane was
decreased by magnolol treat-
ment in a dose-dependent
manner (Figures 4 and 5).

30uM  40pM

*k%k

Figure 6. Protein expression levels of pro PARP, cleaved PARP, pro caspase-8,

Bcl-2 and Bax by western blot analysis. Effect of magnolol on the protein

Western blot

expression levels of PARP, cleaved PARP, pro caspase-8, Bcl-2 and Bax in hu-

man SK-ES-1 cells. GAPDH was used as aninternal loading control. *P<0.05,
**P<0.01, ***P<0.001 vs O uM concentration magnolol treated group. Sta-
tistically significant difference was determined using one-way ANOVA.

concentrations of O, 20, 30 and 40 uM for 24
has described below.

Magnolol causes morphological changes in
SK-ES-1 cells

After treatment with magnolol (0, 20, 30 and
40 uM) for 24 h, SK-ES-1 cells were stained
with the fluorescent DNA-binding dye Hoechst
33258, revealing concentrated and broken
nuclei compared to the control group, which is
a typical morphological feature of apoptotic
cells (Figure 2). These findings indicate that cell
death occurs through apoptosis.

Magnolol induces apoptosis

Apoptosis was measured by flow cytometry
with Annexin V-FITC/PI double labeling. The

1677

Western blotting was used to
detect the expression of apop-
tosis-related protein Bcl-2,
pro-apoptotic Bax, cytochro-
me C, caspase-3, caspase-8, caspase-9 and
poly ADP ribose polymerase (PARP) to deter-
mine the apoptosis of SK-ES-1 cells induced by
magnolol. Magnolol caused an increase in Bax
protein (Figure 6) and cytochrome C release
(Figure 7), and a decrease in Bcl-2 protein
(Figure 6). This demonstrates that magnolol
activates the mitochondrial apoptotic pathway
in SK-ES-1 cells by modulating the expression
of Bcl-2 family proteins. We also evaluated the
protein expression levels of caspase-3, -8 and
-9. A decrease in pro caspase-3 was observed
and the expression level of pro caspase-9 was
down-regulated, both of which occurred in a
concentration-dependent manner (Figure 7),
while the key cellular substrate PARP was
decreased (Figure 6). Additionally, the expres-

Am J Transl Res 2020;12(5):1672-1682
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Figure 7. Protein expression levels of pro caspase-9, pro caspase-3 and cy-
tochrome C determined by western blot analysis. Effect of magnolol on the
protein expression levels of pro caspase-9, pro caspase-3 and cytochrome
C in human SK-ES-1 cells. GAPDH was used as aninternal loading control.
*P<0.05, **P<0.01, ***P<0.001 vs O uM concentration magnolol treat-
ed group. Statistically significant difference was determined using one-way

ANOVA.

sion level of caspase-8 was decreased in a
concentration-dependent manner (Figure 6).
These results indicate that magnolol-induced
apoptosis involves the caspase cascade and is
triggered by the mitochondrial and death recep-
tor pathways.

Additionally, magnolol reduced the expression
levels of p-STAT3, p-MEK and p-ERK. The JAK/
STAT3 and MAPK/ERK signaling pathways are
closely related to cell proliferation and apo-
ptosis. We found that magnolol significantly
reduced the expression levels of p-STAT3,
p-MEK and p-ERK (P<0.05) in a dose-depen-
dent manner (Figure 8).

Discussion

The results of this study indicate that magnolol
significantly inhibits the activity of SK-ES-1 cells
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manners. Additionally, magno-

lol inhibited the migration and

invasion of SK-ES-1 cells in a

dose-dependent manner. Th-

ese findings are consistent

with those reported for other

types of tumors [9-14], con-

firming that magnolol has

good in vitro antitumor effects.

Subsequently, we examined

the precise role of magnolol in

ES and the related molecular

mechanisms. Caspases are

semi-proline-aspartate-specif-

ic proteases. Caspase-3 is a
Hhk member of the caspase family
and is located downstream of
the apoptotic signal and is
also the executor of apopto-
sis. After activation, caspa-
se-3 cleaves its substrate,
resulting in apoptosis. Thus,
during apoptosis, particularly
in the early stage, the detec-
tion of caspase-3 activity can
indicate whether cells under-
go apoptosis. PARP repairs
DNA and is the first caspase-3
substrate to be detected. In
the early stage of apoptosis,
PARP can be cleaved into two
fragments with molecular ma-
sses of 89 and 25 kDa, and thus is a marker for
the early detection of apoptosis [19, 20]. Our
results indicate that the expression level of pro-
caspase-3 in SK-ES-1 cells treated with magno-
lol decreased in a dose-dependent manner,
while the cleavage of PARP increased signifi-
cantly in a dose-dependent manner, indicating
that magnolol induces apoptosis in SK-ES-1
cells. The intrinsic pathway (mitochondrial path-
way) and extrinsic pathway (death receptor
pathway) are regulated by caspase-9 and cas-
pase-8, respectively [21, 22]. In the intrinsic
pathway, apoptosis triggers the mitochondrial
membrane PT pore (regular transition pore)
regulated by the proapoptotic protein Bax in the
Bcl-2 family, leading to a decrease in the mito-
chondrial membrane potential and release of
cytochrome C, thereby activating caspase-9.
Caspase-9 activates the downstream mole-

Am J Transl Res 2020;12(5):1672-1682
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Figure 8. Protein expression levels of STAT3, p-STAT3, MEK1/2, p-MEK1/2,
ERK1/2 and p-ERK1/2 by western blot analysis. Effect of magnolol on the
protein expression levels of STAT3, p-STAT3, MEK1/2, p-MEK1/2, ERK1/2
and p-ERK1/2 in human SK-ES-1 cells. GAPDH was used as aninternal load-
ing control. *P<0.05, **P<0.01, ***P<0.001 vs O uM concentration mag-
nolol treated group. Statistically significant difference was determined using

one-way ANOVA.

cule, caspase-3, which re-cleaves its substrate
PARP [23]. The extrinsic apoptotic pathway trig-
gered by the binding of cell surface-specific
death receptors and their corresponding
ligands first activates caspase-8 and then acti-
vates its downstream molecule caspase-3,
which in turn cleaves PARP and leads to apop-
tosis [24]. Our results indicate that magnolol-
induced apoptosis is accompanied by cyto-
chrome C release, an increase in Bax/Bcl-2
ratio, and activation of caspase-9 and cas-
pase-8, further demonstrating that magnolol
induces apoptosis in ES cells through the mito-
chondrial and death receptor pathways.

1679

activation of this pathway is
inextricably linked to the pro-
duction and malignant evolu-
tion of many cancers [25, 26].
Under the stimulation of vari-
ous potential carcinogenic fa-
ctors, cytoplasmic Raf is acti-
vated and then it activates its
downstream molecule MEK,
which also activates ERK
through phosphorylation, and
then activated ERK enters the
nucleus. ERKs are members
of the MAPK family and are
divided into two isoforms, ER-
K1 (P44) and ERK2 (P42).
ERKs are primarily involved in
cell growth, differentiation,
and anti-apoptosis [27-29].
Studies have shown that ERKs
can promote the anti-apoptot-
ic proteins Bcl-2 and Bcl-xl as
well as other activities to
increase the survival of tumor
cells [30]. STATs are a class of
deoxyribonucleic acid binding
proteins. The STAT family has
seven members: STAT1, ST-
AT2, STAT3, STAT4, STAT5A,
STAT5B and STAT6. STAT3 is widely expressed
in different types of cells and tissues, and is
involved in physiological processes such as cell
growth, central nervous system diseases, and
myocardial ischemic preconditioning [31]. Re-
cent studies showed that activation of STAT3
protein is strictly controlled under normal physi-
ological conditions. In many tumors (such as
breast cancer, ovarian cancer, prostate cancer,
malignant melanoma, and non-small cell lung
cancer), the STAT3 protein is over-activated and
expressed at a high level. To further explore the
mechanism by which magnolol induces apopto-
sis, we examined the phosphorylation levels of

Am J Transl Res 2020;12(5):1672-1682
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MEK, ERK and STAT3. The results showed that
magnolol significantly reduced the expression
levels of p-MEK, p-ERK and p-STAT3 (P<0.05)
in a dose-dependent manner, indicating that
magnolol induced SK-ES-1 cell apoptosis and is
closely related to the MAPK/ERK and JAK/
STAT3 signal transduction pathways, further
demonstrating that the anti-tumor effect of
magnolol involves multiple targets and multiple
pathways.

Notably, STAT3 and ERK, as key molecules in
the JAK/STAT3 and MAPK/ERK signal trans-
duction pathways, playa common role in regu-
lating cell biological behavior and malignant
transformation [32], may be closely related,
and interact to affect signaling pathway activi-
ty. Studies have shown that under the influence
of certain stimulating factors, both the MARK
pathway and STAT3 pathway may be activated,
and the regulation of MAPK-STAT signaling may
occur in cells [33]. This study showed that mag-
nolol inhibits both STAT3 and ERK activation.
Whether the JAK/STAT3 and MAPK/ERK signal-
ing pathways are involved in the induction of
SK-ES-1 cell apoptosis by magnolol remains
unclear.

Recent studies have confirmed that magnolol
has a wide range of pharmacological effects
and great potential for clinical application.
However, it also has several limitations. First,
safety must be guaranteed before a “natural
medicine” can be applied in the clinic. Magnolol
has been shown to cause severe cytotoxicity in
human mesenchymal stem cells at a concen-
tration of 100 uM [34], and thus cytotoxicity
must be assessed before use. Next, the oxida-
tive properties and poor water solubility of mag-
nolol are physical properties that prevent its
clinical utility, which must be overcome in the
future. Finally, pharmacological studies of mag-
nolol are based on preclinical research. It is dif-
ficult to reproduce the complex in vivo environ-
ment under relatively single conditions in vitro,
making it difficult to determine the specific role
and mechanism of the drug in organisms, par-
ticularly in humans. Therefore, its many phar-
macological effects remain to be verified and
must be further explored in large randomized,
controlled clinical trials.

In summary, magnolol inhibited the prolifera-
tion, invasion and metastasis of ES cells in vitro
and induced apoptosis of SK-ES-1 cells through
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the mitochondrial and death receptor path-
ways. Additionally, the MAPK/ERK and JAK/
STAT3 signal transduction pathways are close-
ly related to the apoptosis of SK-ES-1 cells
induced by magnolol, further demonstrating
that the targets and pathways of magnolol are
diverse. However, the present study has certain
limitations. First, we only employed in vitro
experiments and, thus, further research is
needed to elucidate the in vivo effects of mag-
nolol on SK-ES-1 xenograft tumors in nude
mice. Second, the present study was more
observational than an in-depth investigation of
the mechanism. There was no detailed exami-
nation of the molecular mechanism concerning
the findings obtained. Our in vitro results sup-
port that magnolol is an effective candidate for
the chemoprevention and/or treatment of ES.
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