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Paclitaxel induces apoptosis in osteosarcoma via promoting the production of
reactive oxygen species and inhibiting the expression of cyclooxygenase-2.
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Abstract

Objective: The present study was designed to investigate the possible molecular mechanisms of
apoptosis in osteosarcoma induced by paclitaxel.

Study design: Cell viability was detected in human osteosarcoma cell line HOS-732 treated with
paclitaxel at different concentrations. The apoptosis and reactive oxygen species (ROS) production rates
were determined by flow cytometry. COX-2 expression at mRNA and protein levels in osteosarcoma
tissues were measured by quantitative real time polymerase chain reaction (RT-PCR) and Western
blotting.

Results: Paclitaxel can obviously inhibit the proliferation of HOS-732 cells in a dose-dependent manner.
The production of ROS in HOS-732 cells was remarkably increased with the increasing concentration of
paclitaxel. Moreover, paclitaxel can significantly inhibit the expression of COX-2 at mRNA and protein
levels in rat osteosarcoma tissue. Furthermore, the inhibitory effects of paclitaxel on COX-2 expression
at mRNA and protein levels were dose-related.

Conclusion: Paclitaxel treatment can induce the apoptosis and increase the production of ROS in
HOS-732 cells. Moreover, paclitaxel can decrease the expression of COX-2 in a dose-dependent manner.
These findings suggested that paclitaxel-induced apoptosis in osteosarcoma could be ascribed to the

increased production of ROS and the reduction of COX-2 expression.

Keywords: Paclitaxel, Reactive oxygen species, COX-2, Osteosarcoma.

Introduction

Osteosarcomais the common primary malignant bone tumor
occurring frequently in adolescents. Early symptoms of
osteosarcoma include pain, lumps, junction dysfunction,
fractures and other irritative symptoms [1]. Currently, the main
treatments for osteosarcoma are neoadjuvant chemotherapy,
surgical resection and chemotherapy again following surgery.
The S5-year survival rate in patients with osteosarcoma is
approximately 60-70%, and there are about 40-50% of patients
having pulmonary metastasis [2,3]. Hence, it is very urgent to
develop new therapies improving the prognosis of
osteosarcoma patients.

Generally, chronic inflammation is considered as an important
pathological cause of cancer. Cyclooxygenase-2 (COX-2), one
isoform of cyclooxygenase that catalyse the conversion of
arachidonic acid to prostanoids, is normally detected in a few
of tissues, including the brain, placenta and kidney. However,
the expression of COX-2 is increased rapidly as an
inflammatory reaction in response to extracellular stimuli [4].
Furthermore, COX-2 expression plays a critical role in the
process of tumorigenesis [5,6]. Overexpression of COX-2 has
been documented in many human cancers of various organs
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including lung, colon, breast, esophagus, stomach, pancreas,
prostate, and is closely associated with tumor proliferation,
migration, and invasion [4,7,8]. Reactive oxygen species
(ROS) are chemically active molecules containing oxygen.
Accumulating literatures demonstrated that ROS can cause the
apoptosis of cells through a number of molecular mechanisms
including the activation of apoptosis signal regulating kinase 1
(ASK1) and mitogen activated protein kinase (MAPK), the
inhibition of the activity of topoisomerase II [9-12]. Moreover,
it has been reported that overexpression of COX-2 is involved
in the mechanisms of apoptotic cell death induced by ROS
[13].

Paclitaxel is a chemotherapeutic drug for cancer, which is
isolated from the Pacific yew tree. It is well-documented to
have cytotoxic activity against several tumors including breast
cancer, lung cancer, ovarian cancer etc. [14,15]. In the present
study, human osteosarcoma cell line HOS-732 and rat
osteosarcoma tissues were used to assess the effects of
paclitaxel on the apoptotic cell death in osteosarcoma. Then,
the production of ROS and the expression of COX-2 were
investigated to determine the potential mechanism of the
apoptosis induced by paclitaxel.



Materials and Methods

Animals

Adult male Sprague Dawley rats (200 = 10 g) were obtained
from Shanghai SLAC Laboratory Animal Company. The
experimental protocols were approved by the Committee of
Laboratory Animals of The first people’s hospital of Wenling.

Cell viability test

Human osteosarcoma cell line HOS-732 was obtained from the
American Type Culture Collection (ATCC). Cells were
cultured in RPMI-1640 medium containing 10% FBS (all
purchased from Gibco). Cell viability test was carried out using
CCK-8 assay. Briefly, cells seeded in 96-well plates at a
density of 1 x 10* cells per well were treated with paclitaxel
(SihuanPharm, Beijing) at different concentrations (0.5 pg/ml,
1 pg/ml and 2 pg/ml, dissolved in DMSO) and 0.1% DMSO
(vehicle) for 48 h. After washed three times with fresh
RPMI-1640 medium, the cells were incubated with 110 pl
RPMI-1640 medium containing 10 pl CCK-8 (Beyotime
Biotechnology) for 4 h. The absorbance at 450 nm was
determined by a microplate reader (ELX800UV, Bio-Tek
Instruments, Inc.). Three parallel replicates of each sample
were prepared for statistical analysis.

Detection of apoptosisby flow cytometry

HOS-732 cells at a density of 1 x 10° cells per well were
cultured in 12-well plates. Cells were treated with paclitaxel at
different concentrations (0.5 pg/ml, 1 pg/ml and 2 pg/ml) and
0.1% DMSO for control for 48 h. Then, cells were collected
and assessed the apoptosis induced by paclitaxel by using
Annexin V-APC/7-AA Dapoptosis Kit (Biolegend). The
apoptosis rates were detected by flow cytometry (Beckman
Coulter, FC500).

Measurement of intracellular ROS by flow cytometry

Cells treated with paclitaxel at different concentrations were
collected and washed twice in 0.01 M phosphate-buffered
saline (PBS, pH=7.4). Then the cells were incubated with 10
pmol/LDCFH-DA (the probe of the reactive oxygen species) at
37°C for 20 minutes according to the instructions provided by
the manufacturer. DCF fluorescence was detected by a
Beckman-Coulter XL flow cytometer.

Preparation of rat osteosarcoma model

HOS-732 cells were collected and washed with 0.01 M PBS
(pH=7.4) for three times. Cell at a density of 1 x 107 cells in
100 pl medium were injected subcutaneously into the right
forelimb of SD rats.

Quantitative real-time PCR analysis of COX-2
expression

Total RNA of osteosarcoma tissues in rats were extracted by
using a RNA extraction kit (RNAiso Kit, Takara). The
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concentrations and purity of total RNA were determined by
UV absorbance at 260 nm using NanoDrop2000 (Thermo
Fisher Scientific). The purified mRNA was used as a template
to synthesize complementary DNA (cDNA) by a Takara RNA
PCR kit (Takara, Japan) according to the manufacturer’s
protocol. The following primers were used: COX-2 (forward):
5-CCAGAGCAGGCAGATGAAATA-3; COX-2 (reverse): 5-
CAGCATCGATGTCACCATAGAG-3; GAPDH (forward): 5’-
CGCGAGAAGATGACCCAGAT-3’; GAPDH (reverse): 5’-
GCACTGTGTTGGCGTACAGG-3’. The relative mRNA
expression was quantified using the 2"2ACt method.

Western Blotting analysis of COX-2 expression

Total protein was extracted from rat tumor tissue by RIPA lysis
and extraction buffer (Thermo). Protein content was
determined by BCA assay (Beyotime, Shanghai, CHN). Equal
amount of protein lysates were fractionated by 10% SDS-
PAGE and transferred onto polyvinylidene fluoride (PVDF)
membranes (Millipore, USA). The membranes were blocked
with 5% fat-free milk in Tris-buffered saline (TBS) for 1 h,
then incubated with a primary antibody anti-COX-2 (1:500)
(Abcam) diluted in TBS at 4°C overnight. On the secondary
day, the membranes were incubated with a secondary horse-
radish peroxidase (HRP)-conjugated antibody (1:20000) for 1
h at room temperature. After washed by TBS, the blots were
visualized using ECLPlus Kit reagents (GE Healthcare, USA).

Statistical analysis

All data were expressed as a mean + SD. Two-tailed Student’s t
test and one way analysis of variance (ANOVA) were used to
analyse the statistical significance. P-values of <0.05 were
considered as statistical significance.

Results

Effects of paclitaxel on the cell proliferation of
HOS-732 cells

As shown in Table 1, HOS-732 growth was significantly
suppressed by paclitaxel at different concentrations compared
to the control cells (P=0.0001 at 0.5 pg/ml, P=0.000009 at 1
pg/ml, P=0.0000007 at 2 pg/ml). Different concentrations of
paclitaxel (0.5 pg/ml, 1 pg/ml and 2 pg/ml) had their
corresponding growth suppression rates, which were 23.67 +
2.52%, 3333 + 4.51% and 46.00 + 2.65, respectively.
Compared with cells treated with DMSO, P=0.0001 at 0.5
pg/ml, P=0.00001 at 1 pg/ml, P=0.0000008 at 2 pg/ml.
Compared with cells treated with paclitaxel at concentration of
0.5 pg/ml, P=0.04 at 1 pg/ml, P=0.0002 at 2 pg/ml. Compared
with cells treated with paclitaxel at concentration of 1 pg/ml,
P=0.01 at 2 pg/ml. So, paclitaxel inhibited the HOS-732 cells
proliferation in a dose-dependent manner.

Effects of paclitaxel on apoptosis in osteosarcoma cells

As shown in Figure 1, the apoptosis rates in HOS-732 cells
were increased gradually, which were 18.53 + 0.60% (P=0.01),
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2780 + 2.03% (P=0.000017), and 4537 + 1.36%
(P=0.00000004), respectively, with the increase of paclitaxel
concentration (0.5 pg/ml, 1 pg/ml and 2 pg/ml). There was a
significant difference of the apoptosis rates between the control
cells and cells treated with paclitaxel at different
concentrations (P<0.05).
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Figure 1. The apoptosis in osteosarcoma cells treated by different
concentrations of paclitaxel was analysed by Annexin V-APC/7-AAD
method. (A) Cells treated with DMSO (B) Cells treated with
paclitaxel at concentration of 0.5 ug/ml (C) Cells treated with
paclitaxel at concentration of 1 ug/ml. D. Cells treated with
paclitaxel at concentration of 2 yug/ml.

Table 1. Inhibitory effects of paclitaxel with different concentrations
on HOS-732 cells growth.

Group Paclitaxel (ug/ml) Growth-suppression rate (%)
Cells treated with O 0
DMSO
Cells treated with 0.5 23.67 + 2.52%
paclitaxel
1 33.33+4.51%
2 46.00 + 2.6%3&

Note: #P<0.05, compared with cells treated with DMSO, $pP<0.05, compared
with cells treated with paclitaxel at concentration of 0.5 pg/ml, %P<0.05,
compared with cells treated with paclitaxel at concentration of1 pg/ml.

Effects of paclitaxel on ROS production in
osteosarcoma cells

As shown in Figure 2, paclitaxel can significantly induce the
production of ROS compared to the control group (P<0.05).
Furthermore, paclitaxel at different concentrations (0.5 pg/ml,
1 pg/ml and 2 pg/ml) can induce different ROS-positive rate
which is 12.10 = 2.07% (P=0.0000005), 21.63 + 0.75%
(P=0.0000004) and 4430 =+ 1.61% (P=0.000000001),
respectively. Thus, the effects of paclitaxel on the production
of ROS exhibited a marked dose-dependent manner.
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Paclitaxel decreased COX-2 expression in
osteosarcoma tissues

Compared with the control group, paclitaxel significantly
decreased the expression of COX-2 at mRNA levels in
osteosarcoma tissues. Different concentrations of paclitaxel (5
mg/kg, 10 mg/kg and 20 mg/kg) had different inhibitory effects
on the expression of COX-2 (3.57 + 0.12 (P=0.0003), 2.53 +
0.15 (P=0.0000006), 1.11 =+ 0.14 (P=0.000000006),
respectively) (Figure 3A). In accordance with RT-PCR results,
the expression COX-2 at protein levels in osteosarcoma tissues
was also reduced after paclitaxel treatment and negatively
correlated to the concentration of paclitaxel (Figure 3B).
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Figure 2. The production of ROS in osteosarcoma cells treated by
different concentrations of paclitaxel was analysed by flow cytometry
(4) Cells treated with DMSO (B) Cells treated with paclitaxel at
concentration of 0.5 ug/ml (C) Cells treated with paclitaxel at
concentration of 1 ug/ml (D) Cells treated with paclitaxel at
concentration of 2 ug/mil.
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Figure 3. Paclitaxel significantly reduce the expression of COX-2 at
mRNA and protein levels in rat osteosarcoma tissues (4) RT-PCR
showed the decreased expression of COX-2 at mRNA levels in rat
osteosarcoma tissues treated with paclitaxel. *P<0.05, compared with
cells treated with DMSO (B) Western blotting showed the expression
of COX-2 at protein levels in rat osteosarcoma tissues treated with
paclitaxel.



Discussion and Conclusion

Our present results showed that paclitaxel can significantly
inhibit the cell viability of human osteosarcoma cells HOS-732
and promote cell apoptosis. Moreover, paclitaxel can
remarkably increase the production of ROS in human
osteosarcoma cells HOS-732 and decrease the expression of
COX-2 in rat osteosarcoma tissue.

Paclitaxel, a complex diterpenoid alkaloid compound derived
from Pacific yew tree, is widely used for the treatment of many
types of cancer [14,15]. Paclitaxel can disrupt microtubules
dynamics, blocking mitosis, ultimately leading to the apoptotic
cell death [16,17]. It has been shown that paclitaxel can induce
apoptosis in several lines of cancer cells such as breast cancer
cell, ovarian cancer cell and small cell and non-small cell lung
cancer cell [18]. Similarly, our present results show that
paclitaxel also significantly induce the apoptosis of
osteosarcoma cells in a dose-dependent manner.

Multiple studies have shown that paclitaxel induce apoptosis
by multiple mechanisms [16]. Here, we showed that paclitaxel
can remarkably increase the production of ROS in human
osteosarcoma cells HOS-732 with the increase of dosage. ROS
is a byproduct of cell metabolism, mainly derived from the
metabolism of molecular oxygen in the mitochondrial
respiratory chain [11]. Excessive ROS can cause the
occurrence of oxidative stress which plays a vital role in
apoptosis [12]. Thus, the elevated production of ROS could be
an important molecular mechanism of apoptosis induced by
paclitaxel in human osteosarcoma cells HOS-73.

Moreover, COX-2 expression was determined in rat
osteosarcoma tissues after paclitaxel treatment. Our results
showed that paclitaxel can significantly decrease the
expression of COX-2 at mRNA and protein levels in a dose-
dependent manner in rat osteosarcoma tissues. COX is a key
enzyme for the synthesis of prostaglandin. There are two
predominant isoforms, known as COX-1 and COX-2. COX-2
is an inducible enzyme for the production of prostaglandin E2,
and expressed in most normal tissues at low levels. However,
increased COX-2 expression was found to be closely
associated with the inflammatory disease and cancer. Several
lines of evidence showed the overexpression of COX-2 in a
variety of human malignancies. Paclitaxel has been shown to
inhibit the expression of COX-2 in breast, ovarian and lung
cancer cells, which is in accordance with our results [19-21].
Furthermore, it has been reported that tumor cells
overexpressing COX-2 become resistant to apoptosis [22]. So,
the down-regulation of COX-2 expression may be another
molecular mechanism of apoptosis in rat osteosarcoma tissues
induced by paclitaxel.

In conclusion, our present results demonstrated that paclitaxel
can induce apoptosis and increase the ROS production
inhuman osteosarcoma cells HOS-732. Moreover, paclitaxel
can significantly reduce the expression of COX-2 in rat
osteosarcoma tissues. Our data may offer a potential
application paclitaxel in the treatment of human osteosarcoma
patients that are resistant to other chemotherapeutic agents.
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