Drug Design, Development and Therapy Dove

3 ORIGINAL RESEARCH
Cinobufagin Suppresses The Characteristics Of
Osteosarcoma Cancer Cells By Inhibiting The
IL-6-OPN-STAT3 Pathway

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

Chuan Zhang* Background: Current clinical treatments for os
Kun Ma* and primary or secondary chemoresistance,
Wu-Yin Li facilitate the initiation, progression, r

Luoyang Orthopaedic-Traumatological
Hospital and Henan Orthopaedic
Hospital, Luoyang, Henan 471002, chemoresistance and modulatj

various types of cancer and contrib®es to

People’s Republic of China Aim: To examined the effe cinobufagin on canc® progression and modulation of stemness
molecular mechanisms underlying such effects.
20S/MG-63 were recruited in this study. Cell

*These authors contributed equally to
this work Methods: Human osteosa

assay,wound hea! d cell invasion assay respectively. Its effect on stemness was

assessed by flow

Video abstract

e found that cinobufagin suppressed the viability of U20S/MG-63 spheroids/
in a time-and dose-dependent manner. Notably, cinobufagin had no effect on the
OB 1.19 cells. Moreover, cinobufagin induced apoptosis, increased the width
ounds, reduced invasive osteosarcoma spheroids/parent cell numbers and reduced EMT
ype and OPN levels in U20S/MG-63 spheroids as well as U20S/MG-63 parent cells
lines. Noticeablely, we found that OPN levels were higher in spheroids group than that in
parent cells. In addition, cinobufagin ameliorated the proportion of CD133-positive cells, the
size of spheroids and Nanog, Sox-2 and Oct3/4 protein levels. Our in vivo experiments
showed that cinobufagin consistently reduced tumor volume,the expressions of OPN, Sox-2,
Oct3/4, Nanog and p-STAT3 by the immuno histochemistry staining as well as CD133
expression in tumor tissues by immunofluorescence analysis. From a mechanistic point of
view, cinobufagin was shown to inhibit IL-6-OPN-STAT3 signaling pathway. Exogenous IL-
6/0OE-OPN/overexpression STAT3 attenuated the induction of cinobufagin-mediated apopto-
sis and the suppression of stemness properties respectively.

Conclusion: Collectively, our data demonstrated that cinobufagin inhibited the viability and
tumorigenesis capability of osteosarcoma cells by blocking IL-6- OPN-STAT3 signaling
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Introduction
Osteosarcoma is one of the most common malignant bone
tumors worldwide, occurs primarily in children and adoles-
cents, and affects 1-3 individuals per million." The best form
of treatment to improve the 5-year survival rate of patients
with osteosarcoma is adjuvant chemotherapy, including cis-
platin (cis-dichlorodiammine platinum), adriamycin, and
localized surgery. Nevertheless, the most significant limita-
tions to the current forms of clinical management for osteo-
sarcoma are disease recurrence and either primary or
secondary chemoresistance.”> Consequently, there is an
urgent need to identify new therapeutic options for the treat-
ment of osteosarcoma. The existing literature shows consid-
erable acceptance of the fact that cancer stem cells (CSCs)
play a key role in the development and progression of cancer.
It is evident that these cell types are the source of increasing
attention amongst researchers with regards to their potential
as a novel therapeutic option.

CSCs are small subpopulations of cells with several
key properties, including self-renewal, differentiation,
increased rates of tumorigenesis, and sustained tumor
growth. These are properties that traditional cancer thera-
pies are not able to fully eradicate.® Consequently,

of patients with osteosarcoma.
Osteopontin (OPN), a phosphorylatg

activator of transcription,
alasmic transcription factor that can be
activated by a num@r of different cytokines and growth
factors, including interleukin (IL)-6, EGF, insulin-like
growth factor, hepatocyte growth factor, colony-stimulat-
ing factor-1, and platelet derived growth factor.'* Previous
research has demonstrated that while overexpression of the
IL-6-STAT3 pathway contributes to cell survival, apopto-
sis, invasiveness/migration and angiogenesis, it also
enhances the stemness features and chemoresistance of

breast cancer, non-small cell lung cancer, colorectal

cancer, and ovarian cancer.!”' Further research has
demonstrated that the attenuation of STAT3 phosphoryla-
tion promotes apoptosis and chemosensitivity in MG-63,
U20S and HOS cells.”® However, the precise role of the
IL- 6/STAT3 pathway in modulating the stemness proper-
ties of osteosarcoma has yet to be elucidated.

“Chan su”

Chinese medicine (TCM) in China and other countries

is an established form of traditional

in the Asia-Pacific region, containing bufalin, resibufo-
genin, and cinobufagin.?' Chan Su, and its derivatives,

are widely utilized for the treatmen arious types of

cancer, prostate cancer,

cancer.22727 Previous rese

osteosarcoma U-20S cells by suppres-
d ERK/INK signaling pathways.*?

via mir-148.>* Data also shows that the elevation
pt OPN expression plays a role in osteosarcoma and there-
ore represents a potential biomarker for osteosarcoma.>®
Flowever, the role of OPN in modulating the traits of
osteosarcoma spheroids has yet to be investigated. In the
present study, we showed that cinobufagin suppressed cell
viability, induced apoptosis, suppressed invasion/migration,
and inhibited stemness features in osteosarcoma U20S/
MG-63 cells, both in vitro and in vivo. In addition, we
revealed, for the first time, that the overexpression of
OPN, and the hyperactivation of the IL-6-STAT3 pathway
may be crucial for the cinobufagin-mediated suppression of
stemness features and the induction of apoptosis.

Materials And Methods

Cell Culture And Reagents

U20S and MG-63 cells were purchased from Shanghai
Institute of Biochemistry and Cell Biology (Chinese
Academy of Sciences, Shanghai, China) and cultured in
DMEM containing 10% fetal bovine serum (FBS),
100 pg/mL of penicillin and 100 pg/mL of streptomycin at
37°Cin a 5% CO2 incubator. The human normal osteoblastic
cell line, hFOB 1.19, was maintained in DMEM/F-12
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(Gibco) supplemented with 10% FBS (Gibco) and 0.3 mg/
mL of geneticin (G418; Gibco) at 37°C in a humidified
atmosphere containing 5% CO?2.

MTT Assay

Cells were maintained in 96-well flat-bottom microtiter
plates overnight at a density of 1 x 104 cells/well and
treated with cinobufagin at concentrations of 0, 10, 20, 40,
and 80 nM for 24, 48, and 72 h. Subsequently, 20 pl of
MTT solution (5 g/L) was added to the cells, followed by
incubation for 4 h at 37°C. An automatic multi-well spec-
trophotometer was then used to calculate the absorbance
value of each well at 570 nm. The rates of inhibition on
U20S/MG-63 adherent cells and U20S/MG-63-derived
spheroids, as well as the proliferative rate of hFOB1.19
cells, were then calculated according to the following for-
mula: (1 — experimental absorbance value/control absor-
bance value) x 100%.

Sphere For Mation Assay
Sphere formation assays were carried out on cells from the
third and fourth passages of cell culture. Osteosarcoma
spheroids were cultured in a specialized growth medium
(Celprogen, Inc, Torrance, CA, USA) containing
supplement (Invitrogen), 2% B27 supplement (Invitr
20 ng/mL of human platelet growth factor (Sigmss

100 ng/mL of epidermal growth factor
antibiotic-antimycotic (Invitrogen). Os

sin solutjg
bufferd A
in MgiFubsequently labelled with PE anti-human

CD133 antib¥
then washed tw'

(BioLegend) for 60 min. The cells were
¢ with PBS and maintained on ice until
analysis. Expression levels were determined by flow cyto-
metry (FACS Calibur, BD Bioscience, USA) and data
were analyzed wusing WinMDI software
Research Institute, La Jolla, CA,USA).

(Scripps

Western Blotting
Cells were washed in PBS and resuspended at room tem-
perature. After incubation on ice for 30 min, cell lysates

were centrifuged at 14,0009 xg at 4°C. Protein concentra-
tions were then measured using the Bradford protein assay
using bovine serum albumin as a standard. Subsequently,
membranes were incubated overnight at 4°C with a range
of primary antibodies (all at a dilution of 1:1000) raised
against the following molecules: phosphorylated- (p-)
STAT3 or caspase 3 (Abcam, Cambridge, MA, USA);
STAT3, GAPDH, o-SMA, E- cadherin (E-cad), vimentin,
Nanog, OCT4 and SOX2 (Cell Signaling Technology,
Danvers, MA, USA). Finally, membranes were incubated
with secondary antibodies (1:50Q4
for 2 h. GAPDH was used as

oom temperature

oading S@mtrol.

Transwell Assay

e and stained for 15 min. Non-migrating
were then removed from the upper surface of the
transwell using a wet cotton swab, and the number of cells
that had migrated or invaded the bottom surface of the
filter was determined. For each well, six evenly spaced
fields of cells were counted using an inverted phase-con-
trast microscope.

Wound Healing Assay

Cells were seeded in six-well plates at a density of 5 x 105
cells/well in DMEM supplemented with 10% FBS. Twelve
hours after seeding, cells were treated with IL-6 (20 uM)
or an equivalent volume of DMSO for 48 h. A scratch was
subsequently made in the cell monolayer, and the rate of
wound closure was observed at 24 h and 48 h. The resul-
tant data were analyzed using Image J software.

Immunofluorescence Staining

Tumor tissues were fixed in 4% paraformaldehyde at 4 °C,
and then frozen sections were permeabilized with 0.5%
Triton X-100 for 10 min at room temperature, washed with
PBS, and incubated with primary antibodies against CD133
(1:500, Proteintech Group, Chicago, USA) overnight, fol-
lowed by fluorescence-tagged secondary antibodies against
rabbit IgG (1:500).
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Plasmid Transfection And Knockdown
The plasmid was transiently transfected into U20S/MG-63
spheroids using Lipofectamine 3000 in accordance with
the manufacturer’s instructions. Twenty-four hours after
transfection, we added cinobufagin and incubated the
cells for 48 h.

Tumor Xenografts
All the studies were approved by the medical ethical
committee of Luoyang Orthopaedic-Traumatological
Hospital and Henan Orthopaedic Hospital. Animal
care and experiments were carried out according to
the guidelines of the Institutional Animal Care and
Use of Luoyang Orthopaedic-Traumatological Hospital
and Henan Orthopaedic Hospital (The interests of ani-
mals should be fully considering; The experimental
animals should be treated kindly; To prevent or reduce
the stress, suffering and injury of the animals; To
respect the animal life, stop the barbaric act and take
the least painful method to dispose of the animal).
Twenty 4-6 week-old female BALB/c mice were pur-
chased from the Shanghai Laboratory Animal Center
(Shanghai, China). Osteosarcoma cells (2 x 106 cg
in 200 ul of PBS) were subcutaneously injected in
each mouse. After 2 weeks, the mice were randoml
divided into four groups (three treatment gPOUN
one control group; n = 5 per group). &
o

ment groups received 10, 20, and 4

days, we determined the
and measured the lengt
tion, we calculated
formula: volume
weeks, the mg
excised ang

Immunohistochemic® staining was performed to investi-
gate OPN, Nanog, Sox-2, Oct3/4 and p-STAT3 protein
levels. The tumor tissue was embedded in paraffin and
then cut into 4 pum sections which were then heated
overnight at 60°C. Next, the sections were dewaxed in
xylene and sequentially rehydrated with100, 95, 80 and
75% alcohol baths. The slides were then incubated over-
night with primary antibodies to CD133 and p-STAT3 at
4°C. The following morning, the sections were incubated

with appropriate secondary antibodies for 1 h at 37°C.
Data were then analyzed using a light microscope
(Olympus Corporation).

Statistical Analysis

Data are presented as means + standard deviation (SD).
Differences between groups were analyzed using the
Student’s #-test. Statistical analyses were performed using
SPSS software version 16.0 (SPSS, Inc.). P < 0.05 was
considered to indicate statistical significance.

Results
Cinobufagin Suppre

h parent cells and spheroids in a dose- and time-
manner (P < 0.05). The suppressive effect of
inobufagin was generally higher in the U20S/MG-63
herent group of cells than in the corresponding group
of U20S/MG-63 spheroids. However, there was no sig-
nificant effect on the viability of hFOB 1.19 cells
(Figure 1C).

Cinobufagin Induced Apoptosis In

Osteosarcoma Spheroids And Parent Cells
Hyperactivated proliferation and chemoresistance are the
hallmarks of CSCs. As shown in Figure 2A and B, we
observed that cinobufagin increased the apoptotic ratio of
spheroids and parent cells in a dose-dependent manner.
Chang et al previously revealed that bufalin induced the
expression of cleaved caspase-3 in CIOS-CSCs in a time-
dependent manner.*® In our research, compared with the
untreated group, the group of cells treated with 20 nM
cinobufagin showed significant upregulation of caspase-3,
cleaved PARP and Bax (P < 0.05). As shown in Figure 2C,
The expression of Bax, caspase-3 and cleaved PARP was
highest in the 80 nM cinobufagin group, indicating that
cinobufagin induced mitochondrial-dependent cell death in
U20S/MG-63 derived spheroids/parent cells. In the 80nm

submit your manuscript

4078

Dove

Drug Design, Development and Therapy 2019:13


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

Dove Zhang et al
A
100 - 24 h \’;100‘ MG-63 parent cells - 24 h
> ] = 48h g 8 = 48h
S 60 + 72h X e0- -
§ 60 E 72h
Z 404 . o 40
(Tv) * -g
20 % 20
[&]
0 T T T T T T T 1 0 I I 1 I I 1 1 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
dose(nM) dose(nM)
B
199%_ . U20S parent cells 24h o 24h
8o = 48h = 48h
= 72h -+ 72h

cell viability(100%)
[=2]

0 10 20 30 40 50 60 70 80 20 30 40 50 60 70 80

dose(nM) dose(nM)
c FORN cells
- 24 h
= 48 h
-+ 72h

T T T T T T T 1
10 20 30 40 50 60 70 80
dose

P < 0.05 vs. control group. (B) Cell wablllty of MG-63 spheroids/parent cells treated with 0-80 nM of cinobufagin for 24, 48 and 72 h, as
L analysis. >"P < 0.05 vs. control group. (C) Cell viability of osteoblastic hFOB 1.19 cells treated with 0-80 nM of cinobufagin for 24, 48 and 72 h, as
alysis. *P < 0.05 vs. control group.

determined by
determined by M

cinobufagin treatment group, the levels of Bax, caspase-3,

Cinobufagin Inhibited The Migration/
Invasion Capacity And EMT Phenotype
Of Cells

Previous research reported that CSCs can facilitate the

and cleaved PARP, were all significantly higher in the
parent cells than in spheroids (P<0.05). Furthermore, cino-
bufagin reduced the levels of Bcl-2 in osteosarcoma CSCs

and parent cell lines in a dose-dependent manner (P<0.05).

migration and invasion of tumor cells. As shown in

These findings agreed partly with Dass’ opinion (P<0.05),

at least in part.

Figure 3A and B, the invasive ability of osteosarcoma
cells generally decreased in a concentration-dependent
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determined by Western blotting analysis following the incubation of U20S/MG-63 spheroids

loading control. *P<0.05 vs control group; *P<0.05 vs 80 nM.

manner. Moreover, we observed fewer invasive cells

istration of cinobufagin
SMA and vimentin i
upregulated the express
manner. Thesg ’
on/invasion capacity of
ore inhibit EMT (P<0.05).

Cinobufagin Agenuated Stemness
Features In CSCs Derived From MG-63/
U2os In Vitro

As shown in Figure 4A and B, compared with the control
group, the administration of cinobufagin resulted in a
reduction in the number and size of spheroids in a dose-
dependent manner. CD133 has been proven to represent a
reliable marker for stem-like properties in SAOS2, MG63,
and U20S cells.*® In a previous study, Qu et al revealed

a
3
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Peng et al also reported that treatment with 40 uM of
veratrol reduced the expression of CD133, a surface marker
of CSCs, in the spherical tumor colonies of MG-63 and
MNNG/HOS cells.’” As expected, the administration of cino-
bufagin reduced the proportion of CD133-positive osteosar-
coma cells in a dose-dependent manner (Figure 4C and D).
Similarly, the protein levels of genes related to self-renewal
(Nanog, Sox-2 and Oct3/4) were decreased (Figure 4E and F).
Collectively, these results indicated that cinobufagin sup-
pressed the stemness properties of MG-63/U20S spheroids

in vitro.

IL-6 Rescued The Cinobufagin-Induced
Repression Of Stem-Like Properties In

Osteosarcoma CSCs

Dass and Choong®® found that the reduced expression of
OPN might cause a reduction in cell proliferation, tumor
growth and the inhibition of osteosarcoma metastasis, thus
suggesting that OPN plays a positive role in the develop-
ment of osteosarcoma. Remarkably, we also observed that
the expression of OPN (Figure 5A) was significantly
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Figure 3 Cinobufagin inhibited the invasion/migration and EMT phenotype o
rate of invasion in U20S/MG-63-derived spheroids/parent cg a

(P<0.05).
Next, we found

T3 pathway, may participate in
n-induced regulation of stemness in osteo-
sarcoma cells.

To further verify our hypothesis, we treated MG-63/
U20S spheroids with different concentrations of cinobu-
fagin in the presence or absence of 20 pg/mL IL-6. We
found that cinobufagin-treated MG- 63/U20S spheres
were larger in size (Figure 5C and D) and had an increased
proportion of CD133-positive cells in the presence of IL-6
(Figure SE and F) than that in the absence of IL-6.

I control
= 20nM
E 40nM
O 80nm
I control
W 20nM
M 40nM

80 nM

EMT related markers

a-SMA  E-cad vim
Groups

- 'ed spheroids/parent cells. (A, B) Transwell assays were used to detect the
dependent experiments were compared. *P < 0.05 vs. the corresponding parent cell

U20S/MG-63-derived spheroids/parent cells. Data from three independent experiments

Is of E-cadherin, vimentin, a-SMA, and OPN proteins. GAPDH was used as a loading
; *P < 0.05 vs the corresponding parent cell group.

Interestingly, the administration of cinobufagin also down-
regulated the levels of IL-6-stored OPN, p-STAT3
(Tyr727) and p-STAT3 (Ser705) in U20S/MG-63 spher-
oids (Figure S5F). Furthermore, the addition of IL-6 atte-
nuated the cinobufagin-induced restoration of the levels of
Bax, caspase-3 and cleaved PARP, and restored the EMT
phenotype. In contrast, pretreatment with si-IL-6 reduced
the size of the U20S/MG-63 spheroids (Figure SH and I)
and attenuated the number of CD133-positive cells
(Figure 5J and K). As expected, si-IL-6 downregulated
the expression of CD133, vim, a-SMA, and OPN. In the
si-IL-6+cinobufagin group, we observed increased levels
of Bax, Bcl- 2, caspase-3, E-cad and cleaved PARP, thus
indicating that OPN was the downstream target of IL-6 in
our experiments. Moreover, the overexpression of IL-6
was partly responsible for the retention of stemness fea-
tures in osteosarcoma spheroids (P<0.05).
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size than cinoh

p-STAT3(Tyr705), P-STAT3(Ser727) expressions were
also promoted by OE-OPN treatment. Equally, si-OPN
aggravated the inhibitive effect of cinobufagin on the
size of MG-63/U20S spheroids (Figure 6D and E).
Moreover, si-OPN offsetted cinobufagin-increased the
levels of Bax, caspase-3,cleaved PARP,CD133, EMT phe-
notype (Figure 6F).
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were determin

ractivation Of The STAT3 Pathway
ed The Maintenance Of

steosarcoma CSCs

AT3 and its downstream signaling cascades are consid-
ered to be critical regulators of tumorigenesis. Research
has shown that STAT3 promotes the growth of tumors
through a multi-step process by interacting with tumor
cells and surrounding tumor-associated cells."* In order
to verify whether activation of the STAT3 pathway is
involved in cinobufagin/IL-6 crosstalk and the modulation
of stem-like properties in MG-63/U20S CSCs, we per-
formed rescue therapy. As shown in Figure 7A and B, the
overexpression of STAT3 rescued the cinobufagin-reduced
size of MG-63/U20S spheroids (P < 0.05). However, the
overexpression of STAT3 clearly increased the ratio of
CD133-positive cells (Figure 7C and D). We also detected
lower expression levels of Bax, caspase-3 and cleaved
PARP, along with higher expression levels of CD133,
Nanog, Sox-2 and Oct3/4, in the cinobufagin plus
STAT3-overexpression group (Figure 7E). Combined
with the above results (Figures 5 and 6), we suspected
that IL-6 was the upstream modulator of OPN expression
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Figure 5 The overexpression of IL-6 partly neutralized the effect of cinobufagin-diminished stem cell-like properties. (A) OPN levels in U20S/MG-63 spheroids/parent cells as
determined by Western blotting. GAPDH served as the loading control.*P < 0.05 vs. the corresponding parent cell group. (B) The expression of IL-6, p-STAT3 Tyr705 and p-JAK2
Tyr1007/1008 proteins in U20S/MG-63 spheroids treated with cinobufagin. GAPDH was used as a loading control. Results are expressed as the mean + SD of three independent
experiments; *P < 0.05 vs. control group. (C, D) The size of MG-63/U20S spheroids in the presence of IL-6. Spheroids were only measured when the diameter was > 50 pm. Error bars
represent the mean + SD of three independent experiments. *P < 0.05 vs. control group; &P < 0.05 vs. cinobufagin group. (E, F) Flow cytometry was used to measure the proportion of
CD| 33-positive cells in the presence of IL-6. *P < 0.05 vs. control group; &P < 0.05 vs. cinobufagin group. (G) Western blotting was used to determine the protein levels of p-STAT3
Tyr705, p-JAK2 Tyr1007/1008, Bax, Bcl-2, caspase-3 and cleaved PARP, OPN, and CD 133, in MG-63/U20S spheroids with or without 20 pg/mL of IL-6. GAPDH was used as a loading
control. Results are expressed as the mean + SD of three independent experiments; *P < 0.05 vs. control group; &P < 0.05 vs. cinobufagin group. (H, I) The size of MG-63/U20S
spheroids in the presence of si-IL-6. Spheroids were only measured when the diameter was > 50 pm. Error bars represent the mean + SD of three independent experiments. *P < 0.05 vs.
control group; &P < 0.05 vs. cinobufagin group. (J, K) Flow cytometry was used to measure the proportion of CD | 33-positive cells in the presence of IL-6. *P < 0.05 vs. control group; &P
< 0.05 vs. cinobufagin group. (L) Western blotting was used to determine the protein levels of p-STAT3 Tyr705, p-JAK2 Tyr1007/1008, Bax, Bcl-2, caspase-3 and cleaved PARP, CD 33,
and OPN in MG-63/U20S spheroids with or without si-IL-6. GAPDH was used as a loading control. Results are expressed as the mean * SD of three independent experiments; *P < 0.05
vs. control group; &P < 0.05 vs. cinobufagin group.
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Figure 6 Overexpre of OPN contributed to the maintenance of osteosarcoma CSCs. (A and B)The size of MG-63/U20OS spheroids in the presence of OE-OPN.
Spheroids were measured¢@ien the diameter was > 50 pm. Error bars represent the mean * SD of three independent experiments. *P < 0.05, vs. control group; &P < 0.05,
vs. cinobufagin group. (C) ern blotting was used to determine the protein levels of p-STAT3 Tyr705, p-JAK2 Tyr1007/1008, Bax, Bcl-2, caspase-3 and cleaved PARP,
CDI133 in MG-63/U20S spheroids with or without OE-OPN. GAPDH was used as a loading control. Results are expressed as the mean + SD of three independent
experiments; *P < 0.05 vs. control group; &P < 0.05, vs. cinobufagin group. (D and E) The size of MG-63/U20S spheroids in the presence of si-OPN. Spheroids were
measured when the diameter was > 50 pm. Error bars represent the mean * SD of three independent experiments. *P < 0.05, vs. control group; &P < 0.05, vs. cinobufagin
group. (F) Western blotting was used to determine the protein levels of p-STAT3 Tyr705, p-JAK2 Tyr1007/1008, Bax, Bcl-2, caspase-3 and cleaved PARPRCD 133 in MG-63/
U20S spheroids with or without si-OPN. GAPDH was used as a loading control. Results are expressed as the mean + SD of three independent experiments; *P < 0.05 vs.
control group; &P < 0.05, vs. cinobufagin group.

and that STAT3 was the downstream modulator of OPN.  spheroids was attributed to down-regulation of the IL-6-
Overall, the toxic effect of cinobufagin on MG-63/U20S  OPN-STAT3 pathway.
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Cinobufagin Suppressed The Tumor
Igenesis Of MG-63/U20S Spheroids,
Along With Stemness, Apoptosis And
Protein Expression Via The IL-6-OPN-
STAT3 Pathway In Vivo

Finally, we investigated whether cinobufagin could pre-

vent osteosarcoma-derived CSC progression in Vvivo.

pr without OE-STAT3

as used as a loading control. Results are expressed as the mean * SD of three independent experiments; *P < 0.05 vs. control group; &P < 0.05 vs.

M control
[E OE-STAT3
i 3, [ cinobufagin
[ cinobufagin+OE-
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@ cinobufagin

[ cinobufagin+OE-STAT3

Tumor-bearing animals were randomly divided into four
groups, followed by the administration of 10, 20, and 40
mg/kg of cinobufagin. As shown in Figure 8A, cinobufa-
gin suppressed tumor growth in mice bearing osteosar-
coma-derived CSCs. In addition, tumor volume
(Figure 8B) in cinobufagin-treated mice was significantly
reduced compared with those observed in the control

group, particularly at doses of 20 and 40 mg/kg. The
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Figure 8 Cinobufagin inhibited the growth of osteosarcoma xenografts in vivo. (A, B) Changes in tumor volumes in response to different treatments (vehicle, 10, 20, and 40
mg/kg of cinobufagin) in U20OS cells in a xenograft model. Cinobufagin was administered at doses of 10, 20, and 40 mg/kg every 3 days for 4 weeks. Data represent the mean
* SD of the tumor volume and weight of five mice per group. (C, D) TUNEL staining assays were used to estimate the proportion of apoptotic cells in tumor tissues derived
from nude mice bearing cinobufagin-treated osteosarcoma-derived CSCs. *P < 0.05. (E) Immunofluorescence staining of CD 133 levels in tumor tissues derived from mice
bearing osteosarcoma-derived CSCs. (F) Qrt-PCR analysis showing the levels of IL-6 in tumor tissues derived from nude mice bearing cinobufagin-treated osteosarcoma-
derived CSCs. *P < 0.05. Results represent the mean * SD of three independent experiments. (G) Immunohistochemistry analysis showing the levels of OPN, Nanog, Sox-2,
Oct3/4 and p-STAT 3.Magnification, x400.
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TUNEL assay demonstrated that cinobufagin caused a
significant increase in the proportion of apoptotic cells in
tumor tissues and that this effect occurred in a dose-
dependent manner (Figure 8C and D). These observations
were further confirmed by Qrt-PCR analysis (Figure 8E)
and immunofluorescence revealed markedly decreased
CD133 expression in tumor tissues treated with cinobufa-
gin (Figure 8F). Moreover, immunohistochemistry analy-
sis showed that the protein levels of OPN, Nanog, Sox-2,
Oct3/4, and p-STAT3 were downregulated (Figure 8G).

Discussion
Cancer is a multifactorial disease associated with hyper-
activated patterns of cell growth. The common consensus
of opinion is that cancer stem cells play a crucial role in
the uncontrolled proliferation of tumor cells and
chemoresistance.’® Previous research conducted in our
laboratory, and by other groups, showed that cinobufagin
suppressed cell proliferation and induced apoptosis in
osteosarcoma cells by inactivating Notch signaling and
by downregulating MicroRNA-221 and the ROS/JNK/
p38 signaling pathway.?®>° However, prior to this study,
evidence regarding the role of cinobufagin in modulating
the differentiation and stemness features of osteos
CSCs was limited.

In a previous study, Chang et al reportg

(Figure 2A—

Chuej \
migra $ amasicosarcoma U208 parent cells.*” We
detected 4 number of invasive cells (Figure 3A and B)

and increasc®@he width of wounds(Figure 3C and D) in

osteosarcoma paf®nt cells than in corresponding CSCs which
implied that cinobufagin possessed the ability to suppress the
invasion/migration of osteosarcoma spheroids/parent cells.
Moreover, we observed that levels of vim and a-SMA were
gradually reduced as the expression of E-cad increased
(Fg3EF); this was indicative of stem cell-like properties. The
dimensions of spheroids(Figure 4A and B), the proportion
of CDI133-positive cells(Figure 4C and D), as well as
stemness marker protein levels(Figure 4E and F) were also

downregulated in response to cinobufagin-treatment.
Collectively, these results suggested that cinobufagin induced
apoptosis, repressed EMT and reduced the stemness properties
of spheroids derived from U20S/MG-63 cells.

Previously, Ouyang et al found that osteopontin pro-
moted cancer cell drug resistance and that invasion was
associated with a poor outcome in patients with advanced

non-small-cell lung cancer.*!

We therefore hypothesize
that OPN may participate in the regulation of stemness
features in U20S/MG-63 spheroids as well as the progres-

sion of cinobufagin-suppressed si4 in osteosarcoma

spheroids.

hulti-step pro-

Numerous environmenta[S@mditions and

emarkably, we observed that OPN
higher in spheroids than in parent cells
e also found that cinobufagin also reduced
on of IL-6, p-STAT3 Tyr705, p-STAT3 Ser727
PN levels in spheroids/parent cells (Figure 5B).
Figure 5SC—F show that the addition of IL-6 impaired the
cinobufagin-mediated suppression of spheroid size, the pro-
portion of CD133-positive cells, and reduced the expression
of stemness markers. However, si-IL-6 and cinobufagin
treatment synergistically inhibited spheroid size, the propor-
tion of CDI133-positive cells, as well as the expression of
stemness markers (Figure 5G-L), thus proving that IL-6
plays a role in the mechanism by which cinobufagin mod-
ulates the stemness of osteosarcoma spheroids.

However, exogenous IL-6 and si-IL-6 up/downregu-
lated OPN levels in a similar manner (Figure 5F and K)
which indicated that IL-6 acts as an upstream molecule to
trigger an elevation in OPN levels. In contrast, Wang et al
observed that IL-6 enhanced cancer stemness and pro-
moted the metastasis of hepatocellular carcinoma by up-
regulating the expression of osteopontin. It is possible that
the mechanisms of mutual adjustment between IL-6 and
OPN differs in different cell types.

OPN has been shown to exert a positive effect on the
modulation of stemness traits in hepatocellular carcinoma,
lung cancer, colorectal cancer, and pancreatic cancer.*’>°
Figure 6 shows that OE-OPN neutralized the cinobufagin-
induced reduction in spheroid size and p-STAT3(Tyr727)
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along with p-STAT3(Ser705), Bax, Bcl-2, caspase-3,
cleaved PARP, Nanog, Sox-2 and Oct3/4 levels. We also
found that si-OPN plus cinobufagin treatment synergisti-
cally downregulated the expression of these indicators
which suggested that OPN participates in the cinobufagin-
induced suppression of stemness features in osteosarcoma
spheriods. Our results also indicated that STAT3 acts as a
downstream target for OPN in osteosarcoma spheroids/par-
ent cells (Figure 6C and F). In a previous study, Behera et al
reported that activation of JAK2/STAT3 signaling by OPN
promoted tumor growth in human breast cancer cells; these
previous data were in accord with our present data.
Generally, IL-6 is known to modulate the self-renewal
of stem cells by phosphorylating the STAT3, MAPK and
Akt signaling pathways.”' >* Other research has shown
that both constitutive and IL-6-inducible activation of
STAT3 (Tyr705) and JAK2 can occur in osteosarcoma.’”
In agreement with the opinion of Peng et al,”’ Figure 7
shows that the overexpression of STAT3 offset the cino-
bufagin-induced reduction in CD133-positive cell ratios
and the dimension of spheroids as well as the cinobufa-
gin-induced increase in the expression of Bax, caspase-3,
cleaved PARP, vimentin and a-SMA, and the lower levels
of Bcl-2 and E-cad. Our studies in nude mice furt
confirmed the effect of cinobufagin in vivo:the reduce

tumore volume(Figure 8A and B), the increased

istry levels of OPN, Nanog, Sox-2,
(Figure 8G). Our data suggest tha

pathway.

However, our re limits. No data

showed the crogg

patiway exerted the positive
effect on mod on of osteosarcoma spheroids stemness
features need Mm@ comfirmation. More efforts are still
needed to elucidate possible mechanisms in the future.

In conclusion, we observed that levels of OPN were
higher in osteosarcoma spheroids than in parent cells. We
also found that cinobufagin downregulated the stem-like
properties of osteosarcoma cells, thus inhibiting the pro-
cess of tumorigenesis by inhibiting the IL-6-OPN-STAT3
pathway. Therefore, the present findings define potential
new mechanisms and identify novel molecular targets for

the prevention and treatment of osteosarcoma.
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