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Background: Doxorubicin (Dox) resistance is a primary obstacle for the treatment of
osteosarcoma. Meanwhile, B-Elemene was shown to exhibit an anti-proliferative effect on
osteosarcoma cells. However, the role of a combination of Dox with B-Elemene on osteo-
sarcoma cells remains unclear. Thus, this study aimed to investigate the role of the combina-
tion of Dox with B-Elemene on the proliferation, apoptosis and oxidative stress of
Dox-resistance osteosarcoma cells.

Methods: CKC-8, EdU staining and flow cytometry assays were used to determine the
viability, proliferation and apoptosis of Dox-resistance osteosarcoma cells, respectively.
Meanwhile, the expression of antioxidant protein peroxiredoxin-1 (Prx-1) in Dox-
resistance osteosarcoma cells was detected with Western blot assay.

Results: In this study, the inhibitory effects of Dox on the viability and proliferation of Dox-
resistance osteosarcoma cells were significantly enhanced by B-Elemene. In addition, the
combination of Dox and B-Elemene markedly induced the apoptosis and oxidative stress in
Dox-resistance osteosarcoma cells. Moreover, combination treatment notably downregulated
the expression of Prx-1 in Dox-resistance osteosarcoma cells, indicating that combination
treatment inhibited the antioxidant capacity of Dox-resistance osteosarcoma cells. In vivo
experiments confirmed that B-Elemene could enhance the anti-tumor effect of Dox in Saos-2/
Dox xenograft model.

Conclusion: We found that f-Elemene could reverse Dox resistance in Dox-resistance osteo-
sarcoma cells via inhibition of Prx-1. Therefore, combining Dox with B-Elemene might be
considered as a therapeutic approach for the treatment of Dox-resistant osteosarcoma.
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Introduction

Osteosarcoma is the most common primary malignant tumor of bone among
children and adolescents, and it is characterized by high metastatic potential."* In
addition, osteosarcoma is associated with a high rate of morbidity and mortality
worldwide.® Recently, surgery, new adjuvant chemotherapy, immunotherapy and
gene therapy are the main clinical therapies for the treatment of osteosarcoma.*
However, the early prognosis of osteosarcoma is still poor with the 5-year survival
rate of about 50%.%” Evidence has shown that drug resistance in osteosarcoma cells
is one of the most important factors affecting prognosis.®* Therefore, the develop-
ment of novel effective therapeutic methods may help to prevent drug resistance in
cancer chemotherapy.
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Doxorubicin (Dox) is the first-line chemotherapy agent
used for the treatment of multiple solid tumors including

osteosarcoma.'%!!

Although single-drug chemotherapy
can improve the survival rate of cancer patients, it also
brings about some adverse effects for cancer patients.'?
Evidence has shown that the combination of two antic-
ancer drugs in cancer therapies can diminish the adverse
effects and suppress the occurrence of drug resistance.'?

B-Elemene, a compound extracted from the traditional
Chinese medicinal herb Radix curcumae, exhibited anti-
tumor and chemo-preventive effects.'*"'* Liang et al found
that B-Elemene could inhibit the proliferation and induce
the apoptosis of osteosarcoma cells.'> In addition, Tang
et al indicated that B-Elemene could reverse Dox resis-
tance in human breast cancer.'® However, the role of p-
Elemene in Dox-resistance osteosarcoma cells remains
unclear. Thus, in this study, we aimed to investigate
whether B-Elemene could enhance the anti-tumor effect
of doxorubicin on Dox-resistant osteosarcoma cells with
the purpose of providing a promising therapeutic approach
for cancer treatment.

Materials and Methods

Cell Culture and Transfection

Human osteosarcoma cell lines MG63, Saos-2 and U-2 OS
were purchased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). Three
Dox-resistant osteosarcoma cell lines (MG63/Dox, Saos-2/
Dox and U-2 OS/Dox) were generated from parental MG63,
Saos-2 and U-2 OS cells by gradually treating them with
increasing doses of Dox for more than 3 months. Cells were
cultured in Dulbecco’s modified Eagle’s medium (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal
bovine serum (Thermo Fisher Scientific) in an incubator
with 5% CO, at 37°C.

Human Prx-1 cDNA was synthesized and cloned into
pcDNA3.1 vector. Then, MG63/Dox and Saos-2/Dox cells
were transfected with pcDNA3.1 pcDNA3.1-Prx-1 plas-
mids using the Lipofectamine 2000 kit (Thermo Fisher
Scientific).

Cell Counting Kit-8 (CCK-8) Assay

Cell Counting Kit-8 (CCK-8, Dojindo, Japan) was used to
evaluate the cell viability according to the manufacturer’s
instructions. Cells were plated onto a 96-well plate at
a density of 5000 cells per well and incubated overnight
at 37°C. After that, cells were treated with different

concentrations of Dox (0, 0.5, 2, 5, 25 or 50 pg/mL) or B-
Elemene (0, 25, 50, 100 or 200 pg/mL) for 48 h. Later on,
10 uL CCK-8 reagent was added into each well, followed
by incubation for 2 h at 37°C. Subsequently, the optical
density at 450 nm was detected using a microplate reader
(BioTek, Winooski, VT, USA).

Combination Studies

The combination index (CI) for drug combination was
determined using Chou—Talalay method.!” MG63/Dox
and Saos-2/Dox cells were exposed to solutions containing
Dox (0, 0.5, 2, 5, 25 or 50 pg/mL) combined with -
Elemene (0 or 25 pg/mL). The CI value for the combina-
tion of Dox and B-Elemene in Dox-resistant osteosarcoma
cells can be described as CI=DA/ICx, A+DB/ICx, B.!”

EdU Staining Assay

Cell proliferation was determined using a Cell-Light EdU
DNA Cell Proliferation Kit (Ribobio, Guangzhou, China).
Cells were incubated with 50 pM EdU reagent for 2h, and
then fixed in 4% paraformaldehyde. After that, cells were
stained with Apollo reagent for 30 min at room tempera-
ture. Subsequently, the EdU-positive cells were observed
under a microscope (Olympus, Tokyo, Japan).

Flow Cytometry Assay

Cell apoptosis was assessed using the Annexin V-FITC/PI
double-staining cell apoptosis detection kit (KeyGEN
BioTECH, Nanjing, China). Cells were collected and
resuspended in 500 pL binding buffer. After that, cells
were stained with 5 pL. Annexin V-FITC and 5 pL PI for
20 min in darkness at room temperature. Later on, cell
apoptosis was measured using a FACSCalibur instrument
(BD Biosciences, Franklin Lake, NJ, USA).

Western Blot Assay

Protein concentration was measured using a BCA Protein
Assay Kit. Equal amounts of protein (30 pg protein/line)
were separated by 10% SDS-PAGE and then transferred
onto a PVDF membrane (Millipore, Billerica, MA, USA).
After that, the membrane was blocked with 5% fat-free milk
in TBST for 1 h at room temperature and then incubated with
primary antibodies overnight at 4°C. Antibody specific to Bcl-
2 (1:1000), Bax (1:1000), cleaved caspase 3 (1:1000), Prx-1
(1:1000), p-ERK (1:1000), ERK (1:1000), p-p38 (1:1000),
p38 (1:1000), and B-actin (1:1000) were purchased from
Abcam (Cambridge, MA, USA). Later on, the membrane
was incubated with anti-rabbit horseradish peroxidase-
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conjugated secondary antibodies for 1 h at room temperature.
Subsequently, protein bands were visualized by using the
enhanced chemiluminescence (ECL) reagents (Thermo

Fisher Scientific).

Measurement of Reactive Oxidative
Species (ROS)

The peroxide-sensitive fluorescent probe 2, 7-dichloro-
fluorescin diacetate (DCFH-DA) was used to assess intra-
cellular ROS. Cells were incubated with DCFH-DA for 30
min in darkness at 37°C. Later on, the fluorescent signals
were detected by flow cytometry (BD Biosciences).

ELISA Assay

Samples of the supernatants were collected from MG63/Dox
and Saos-2/Dox cells. After that, the commercial ELISA kit
(#A006, Jiancheng,
China) was used to measure the total quantities of

Bioengineering Institute, Nanjing,

glutathione.

Animal Study

BALB/c nude mice (68 weeks old) were purchased from
Shanghai Slac Laboratory Animal Co., Ltd. (Shanghai,
China).
Institutional Animal Care and Use Committee of Renmin
Hospital of Wuhan University Renmin Hospital of Wuhan
University (NO. 2019041428A), and the guidelines for wel-
fare and treatment of the laboratory animals were following to

The animal studies were approved by the

National Institutes of Health guide for the care and use of
laboratory animals. 1 x 107 Saos-2/Dox cells (in 100 pL of
PBS) were injected into the left flank of each mouse. When
the average tumor volumes reached 200 mm?, tumor-bearing
mice were randomly divided into four groups: control, Dox,
B-Elemene, f-Elemene + Dox groups. The B-elemene group
was treated by intraperitoneal injection with 0.1 mL B-
Elemene (45 mg/kg) once daily for 3 weeks. Dox was admi-
nistered via intravenous (i.v.) injection at doses of 5 mg/kg
once a week. The control group received PBS only. After 3
weeks, all animals were sacrificed under anesthesia, and
tumor tissues were weighted. Then, the tumor tissues were
fixed and embedded in paraffin for immunohistochemistry
(IHC) staining.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism 7
(GraphPad Software, Inc., La Jolla, CA, USA). Data were
represented as mean =+ standard deviation (SD). The

comparisons among multiple groups were made with a one-
way analysis of variance (ANOVA) followed by Tukey’s
test. All experiments were repeated at least three times.
P<0.05 was accepted as a statistically significant difference.

Results
B-Elemene Enhanced the Cytotoxic Effect of

Dox in Dox-Resistant Osteosarcoma Cells
CCK-8 assay was used to assess the effects of Dox on the
viability of Dox-sensitive or -resistance osteosarcoma
cells. As shown in Figure 1A and B, MG63/Dox cells
and Saos-2/Dox cells were resistant to Dox after gradient
treatment compared with MG63 and Saos-2 parental cells.
In addition, B-Elemene inhibited the viability of MG63,
MG63/Dox cells, and Saos-2, Saos-2/Dox cells in a dose-
dependent manner (Figure 1C and D). Significantly, com-
bining Dox with B-Elemene inhibited the viability of
MG63/Dox and Saos-2/Dox cells, compared with Dox
alone treatment group (Figure 1E and F). Combined Dox
with B-Elemene exhibited similar effects on U-2 OS/Dox
cell viability (Supplementary Figure 1A).

Furthermore, the ICs, value of Dox was 32.67 pg/mL
and 44.16 pg/mL in MG63/Dox and Saos-2/Dox cells,
respectively. However, when Dox was combined with -
Elemene (25 pg/mL), the ICs, value of Dox was decreased
to 7.75 pg/mL and 7.22 pg/mL in MG63/Dox and Saos-2/
Dox cells, respectively (Table 1). In addition, the CI values
of Dox with B-Elemene in MG63/Dox and Saos-2/Dox
cells were 0.42 and 0.30, respectively, indicating the
synergistic activity (Table 1). These data indicated that
the combination of Dox with B-Elemene synergistically
inhibited the viability of Dox-resistant osteosarcoma cells.

Combination of Dox with -Elemene
Inhibited the Proliferation and Induced
the Apoptosis of Dox-Resistant

Osteosarcoma Cells

To investigate the role of Dox and B-Elemene on the prolif-
eration of osteosarcoma cells, EAU staining assay was used.
As shown in Figure 2A and B, the combination of Dox with
B-Elemene markedly inhibited the proliferation of MG63/
Dox and Saos-2/Dox cells, compared with Dox alone treat-
ment group. In addition, the results of flow cytometry assay
indicated that Dox treatment led to a marked increase in cell
apoptosis (Figure 3A and B, and Supplementary Figure 1B).

As expected, the combination of Dox with B-Elemene
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Figure | B-Elemene enhanced the cytotoxic effect of Dox in Dox-resistant osteosarcoma cells. (A) MG63 and MG63/Dox cells or (B) Saos-2 and Saos-2/Dox cells were
treated with 0, 0.5, 2, 5, 25 or 50 pug/mL Dox for 48 h respectively. CCK-8 assay was used to detect cell viability. **P < 0.01, compared with the MG63 or Saos-2 group. (C)
MG63 and Saos-2 cells were treated with 0, 5, 10, 20, 50 or 100 ug/mL B-Elemene for 48 h respectively. CCK-8 assay was used to detect cell viability. *P < 0.05, **P < 0.01,
compared with the B-Elemene (0 pg/mL) group. (D) MG63/Dox and Saos-2/Dox cells were treated with 0, 25, 50, 100 or 200 pg/mL B-Elemene for 48 h respectively. CCK-8
assay was used to detect cell viability. *P < 0.05, **P < 0.01, compared with the B-Elemene (0 pg/mL) group. (E) MG63/Dox cells or (F) Saos-2/Dox cells were treated with
Dox (0, 0.5, 2, 5, 25 or 50 pg/mL), or Dox (0, 0.5, 2, 5, 25 or 50 pg/mL) plus 25 pug/mL B-Elemene for 48 h. CCK-8 assay was used to detect cell viability. *P < 0.05, **P <

0.01, compared with the Dox treatment group.

Abbreviations: Dox, doxorubicin; MG63/Dox, Dox-resistant MG63 cells; Saos-2/Dox, Dox-resistant Saos-2 cells.

induced a substantial fraction of apoptosis in MG63/Dox,
Saos-2/Dox and U-2 OS/Dox cells, compared with Dox
treatment group (Figure 3A and B,
Supplementary Figure 1B). Moreover, the combination of

alone and

Dox with B-Elemene treatment notably decreased the expres-
sion of Bcl-2, and markedly increased the expressions of Bax
and cleaved caspase 3 in MG63/Dox and Saos-2/Dox cells,
compared with Dox alone treatment group (Figure 3C-F).
Meanwhile, B-Elemene significantly decreased the expres-
sions of p-ERK and p-p38 in MG63/Dox and Saos-2/Dox
cells (Supplementary Figure 2A—C). To sum up, combination

Table | Evaluation of Combination of Dox with B-Elemene in
MG63/Dox and Saos-2/Dox Cells (48 h Treatment)

of Dox with B-Elemene could inhibit the proliferation and
induce the apoptosis of Dox-resistant osteosarcoma cells.

Combination of Dox with -Elemene
Induced the Oxidative Stress of Dox-

Resistant Osteosarcoma Cells

To determine the effect of Dox combined with f-Elemene on
oxidative stress in MG63/Dox and Saos-2/Dox cells, the pro-
duction of ROS and GSH was detected. As indicated in Figure
4A-D, combination treatment remarkably increased ROS pro-
duction, and reduced the level of GSH in MG63/Dox and
Saos-2/Dox cells, compared with Dox treatment group.
These data indicated that combination of Dox with [-
Elemene could induce the oxidative stress in Dox-resistant

Drug MG63/Dox Cells Saos-2/Dox Cells osteosarcoma cells
Combination '
IC 50 Cl IC 50 Cl
Value | Values | Value |Vales| B-Elemene Enhanced the Sensitivity of
Dox (range 0 IC50 = - 1C50 = - Saos-2/Dox Cells to Dox via
from 50 pg/mL) | 32.67 ng/mL 44.16 pg/mL Down regulation Of Prx I
Dox +25 pg/mL 1C50 = 0.42 IC50 = 0.30 Peroxiredoxin (Prx) 1, an antioxidant protein, has been shown
-El 7.75 pg/mL 7.22 pg/mL .. . . . .
B-Elemene Hgim He/m to be participated in protecting cancer cells against different
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Figure 2 Combination of Dox with B-Elemene inhibited the proliferation of Dox-resistant osteosarcoma cells. (A) MG63/Dox cells or (B) Saos-2/Dox cells were treated
with 5 pug/mL Dox or/and 25 pg/mL B-Elemene for 48 h. EdU staining assay was used to determine cell proliferation. *P < 0.05, **P < 0.01, compared with the control group;

##p < 0,01, compared with the Dox treatment group.

Abbreviations: Dox, doxorubicin; MG63/Dox, Dox-resistant MG63 cells; Saos-2/Dox, Dox-resistant Saos-2 cells.

therapeutic challenges.'® Western blot analysis showed that
the expression of Prx-1 in MG63/Dox and Saos-2/Dox cells
were much higher than that in parental MG63 and Saos-2
cells, indicating that Prx-1 might be involved in protecting
Dox-resistant osteosarcoma cells against oxidative stress
(Figure SA and B). In addition, B-Elemene or combination
treatment significantly downregulated the expression of Prx-1
in MG63/Dox and Saos-2/Dox cells (Figure 5C and D).

To investigate whether B-Elemene enhanced the sensitiv-
ity of Dox-resistant osteosarcoma cells to Dox via downregu-
lation of Prx-1, rescue experiments were performed. As
shown in Figure 5SE, the expression of Prx-1 was markedly
increased in MG63/Dox and Saos-2/Dox cells after transfec-
tion with pcDNA3.1-Prx-1. In addition, overexpression of

Prx-1 reversed the inhibitory effect of combination treatment

on the viability of osteosarcoma cells (Figure 5F). Moreover,
combination treatment-induced Prx-1 protein decrease was
notably reversed by Prx-1 overexpression (Figure 5G).
These results suggested that B-Elemene could enhance the
sensitivity of osteosarcoma cells via downregulation of Prx-1.

Combination of Dox with B-Elemene
Inhibited the Tumorigenesis of Saos-2/

Dox Xenograft in vivo

We next investigated the effect of combination in the Saos-
2/Dox xenograft mouse model in vivo. As revealed in
Figure 6A—C, Dox treatment reduced the tumor volume
and tumor weight of Saos-2/Dox xenograft mice. As
expected, combination treatment notably decreased the
tumor volume and tumor weight of Saos-2/Dox xenograft
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Figure 3 Combination of Dox with B-Elemene induced the apoptosis of Dox-resistant osteosarcoma cells. MG63/Dox and Saos-2/Dox cells were treated with 5 ug/mL Dox
or/and 25 pg/mL B-Elemene for 48 h. (A and B) Apoptotic cells were measured by flow cytometry. (C) Expression levels of Bcl-2, Bax and cleaved caspase 3 in cells were
detected with Western blotting. B-actin was used as an internal control. (D—F) The relative expressions of Bcl-2, Bax and cleaved caspase 3 in cells were quantified via
normalization to B-actin. *P < 0.05, *P < 0.01, compared with the control group; “*P < 0.01, compared with the Dox treatment group.
Abbreviations: Dox, doxorubicin; MG63/Dox, Dox-resistant MG63 cells; Pl, propidium iodide; Saos-2/Dox, Dox-resistant Saos-2 cells.

mice compared with Dox treatment group (Figure 6A—C).
In addition, combination treatment significantly downre-
gulated the expression of Prx-1 in tumor tissues compared
with Dox treatment group (Figure 6D). Meanwhile, the
results of CD31 IHC assay showed that significant reduc-
tion in CD31+ microvessel density (MVD) was observed
in tumor tissues from the B-Elemene + Dox group com-
pared to those from the control or Dox treatment group

(Supplementary Figure 3A and B). However, no differ-

ences in CD31+ microvessel density (MVD) were detected
between the control and [-Elemene treatment group
(Supplementary Figure 3A and B). Collectively, combina-

tion of Dox with B-Elemene could inhibit the tumorigen-

esis and angiogenesis in Saos-2/Dox xenograft in vivo.

Discussion
In this study, we found that the combination of Dox with
B-Elemene synergistically suppressed the proliferation of
osteosarcoma cells. In addition, the combination of Dox
with HHT induced apoptosis and oxidative stress in osteo-
sarcoma cells via inhibition of Prx-1.

Dox, also known as adriamycin, has been considered as
a first-line drug for a wide variety of cancer types, includ-

19-22 chemoresistance is

ing osteosarcoma. However,
a primary cause of death in patients with metastatic or
recurrent osteosarcoma.”> Thus, investigating how to
decrease emergence of resistance and improve the efficacy
of chemotherapeutic drugs might be important methods for

treating osteosarcoma.”* Evidence has shown that the
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Figure 4 Combination of Dox with B-Elemene induced the oxidative stress in Dox-resistant osteosarcoma cells. MG63/Dox and Saos-2/Dox cells were treated with 5 g/
mL Dox or/and 25 pg/mL B-Elemene for 48 h. (A and B) Flow cytometry was applied to assess the ROS production in MG63/Dox and Saos-2/Dox cells. (C and D) ELISA
assay was used to detect the level of GSH in the supernatants of MG63/Dox and Saos-2/Dox cells. *P < 0.05, **P < 0.01, compared with the control group; #P < 0.05, #p <

0.01, compared with the Dox treatment group.

Abbreviations: Dox, doxorubicin; GSH, glutathione; MG63/Dox, Dox-resistant MG63 cells; ROS, reactive oxygen species; Saos-2/Dox, Dox-resistant Saos-2 cells.

combination of chemotherapeutic drugs and traditional
Chinese medicine in cancer therapies has the potential to
decrease the emergence of resistance and improve the
effectiveness of drug treatment.”>° Liang et al found
that B-Elemene could inhibit the proliferation of osteosar-
coma cells via the inactivation of PI3K/Akt/mTOR path-
way and upregulation of ROS production.'” In this study,

we found that B-Elemene could inhibit the proliferation of
Dox-resistant osteosarcoma cells via inhibiting ERK and
p38 MAPK pathways. These data suggested that [-
Elemene may inhibit osteosarcoma cell growth via differ-
ent pathways. In addition, B-Elemene has been found to
enhance the sensitivity of cancer cells to chemotherapeutic
drugs, such as cisplatin, temozolomide.?”*® Zhu et al
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Figure 5 B-Elemene enhanced the sensitivity of Saos-2/Dox cells to Dox via downregulation of Prx-1. (A) Western blot assay was used to detect the expression of Prx-| in
MG63 and MG63/Dox cells. B-actin was used as an internal control. **P < 0.01, compared with the MG63 group. (B) Western blot assay was used to detect the expression
of Prx-1 in Saos-2 and Saos-2/Dox cells. B-actin was used as an internal control. **P < 0.01, compared with the Saos-2 group. (C) MG63/Dox and Saos-2/Dox cells were
treated with 5 pg/mL Dox or/and 25 pg/mL B-Elemene for 48 h. The expression level of Prx-1 in MG63/Dox and Saos-2/Dox cells was detected with Western blotting. (D)
The relative expression of Prx-1 in cells was quantified via normalization to B-actin. **P < 0.01, compared with the control group; #p < 0.0, compared with the Dox
treatment group. (E) Western blot analysis of Prx-| expression in MG63/Dox and Saos-2/Dox cells transfected with pcDNA3.|-Prx-1. **P < 0.01, compared with the
pcDNAZ3.I-ctrl group. (F) MG63/Dox and Saos-2/Dox were treated with 5 pug/mL Dox and 25 pg/mL B-Elemene, or the combination of Dox and B-Elemene and
pcDNA3.1-Prx-1 for 48 h. CCK-8 assay was used to detect cell viability. (G) Western blot analysis of Prx-| expression in MG63/Dox and Saos-2/Dox cells. **P < 0.01,
compared with the control group; #p < 001, compared with the Dox + B-Elemene treatment group.

Abbreviations: Dox, doxorubicin; MG63/Dox, Dox-resistant MG63 cells; pcDNA3.|-ctrl, pcDNA3.|-control; Prx-1, peroxiredoxin |; Saos-2/Dox, Dox-resistant Saos-2

cells.

found that B-Elemene could reverse temozolomide resis-
tance in glioblastoma stem-like cells.”® Li et al indicated
that B-Elemene could enhance the sensitivity of lung can-
cer cells to cisplatin via blocking cell cycle progression.?’
In this study, we found that the inhibitory effects of Dox
on the proliferation of Dox-resistant osteosarcoma cells
were enhanced in the presence of B-Elemene. Moreover,
we found that B-Elemene significantly enhanced the pro-
apoptosis effect of Dox in Dox-resistant osteosarcoma
cells. For the first time, we found that B-Elemene could
enhance the sensitivity of osteosarcoma cells to Dox.
Evidence has shown that oxidative stress plays

30,31

a pivotal role in cancer chemoresistance.

Marinello et al found that metformin could enhance
the sensitivity of Dox-resistant breast cancer cells to

Dox via inducing oxidative stress.*” In addition, Sun
et al found that atovaquone could reverse Dox or cis-
platin resistance in hepatocellular carcinoma by indu-
cing oxidative stress.>® Cao et al indicated that natural
borneol enhanced Dox-induced cell cycle arrest via
triggering ROS-mediated signal.** Consistent with our
present results, we found that combination of Dox and
B-Elemene significantly increased ROS production and
reduced the level of GSH in Dox-resistant osteosar-
coma cells, indicating that combination treatment
could induce oxidative stress in Dox-resistant osteosar-
coma cells.

In addition, increased levels of antioxidant enzymes
are believed to contribute to chemoresistance.’ It has
been shown that f-eudesmol enhanced chemosensitivity
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Figure 6 Combination of Dox with -Elemene inhibited tumorigenesis in Saos-2/Dox xenograft in vivo. (A) Tumor volumes of mice were monitored at different time points.
(B and C) Saos-2/Dox xenograft tumors in each group was pictured and weighted on day 21. (D) Western blot analysis of Prx-| expression in tumor tissues. *P < 0.05, **P <

0.01, compared with the control group;
Abbreviations: Dox, doxorubicin; IV, intravenous injection.

to Dox in cholangiocarcinoma via suppression of anti-
oxidant enzyme NAD(P)H-quinone oxidoreductase 1.>¢
Zou et al found that B-Elemene could drive radiosensi-
tivity in non-small-cell lung cancer via inhibition of
Prx-1.7 Our data found that the expression of Prx-1
was notably upregulated in Dox-resistant osteosarcoma
cells. Significantly, B-Elemene or combination treatment
downregulated the expression of Prx-1 in Dox-resistant
osteosarcoma cells, suggesting that combination treat-
ment could inhibit the antioxidant capacity of Dox-
resistance osteosarcoma cells. These data indicated that
B-Elemene could enhance the sensitivity of osteosarcoma
cells to Dox via inhibition of Prx-1.

In this study, we also found that the combination of
Dox with B-Elemene could inhibit the angiogenesis in
Saos-2/Dox xenograft in vivo. Angiogenesis is an impor-
tant physiological process required for tumor growth.*®
Evidence has shown that tumor cells could affect the

#p < 0.0, compared with the Dox treatment group.

tumor microenvironment via releasing extracellular vesi-
cles, thereby promoting tumor angiogenesis.”” Thus,
further study is needed to investigate whether combined
Dox with B-Elemene can inhibit tumor angiogenesis via
affecting the secretion of tumor-derived extracellular
vesicles.

Conclusion

Collectively, B-Elemene could reverse Dox resistance in
Dox-resistant osteosarcoma cells via inhibition of Prx-1.
Therefore, B-Elemene combined with Dox might be con-
sidered as a therapeutic method for the treatment of Dox-
resistant osteosarcoma.

Data Sharing Statement
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