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Abstract

Paclitaxel has been found to exhibit cytotoxic and antitumor activity. There is

little information regarding the mechanisms of apoptotic-inducing effect of paclitaxel

on human osteosarcoma HOS cells. We measured the effect of paclitaxel-induced

apoptosis By DAPI stain on HOS cells. We also examined the pathway of paclitaxel

on the apoptosis in HOS cells using Western blotting. We found that paclitaxel can

induce dose dependent apoptosis of HOS cells. Furthermore, paclitaxel treatment

resulted in Erk1/2 and JNK activation in HOS cells. Moreover, treatment of HOS

cells with paclitaxel- induced a sustained activation of the phosphorylation of ERK1/2

and JNK, and inhibition of Erk 1/2 by UO0126 (Erk1/2 inhibitor) significantly

abolished the paclitaxel -induced apoptosis. These results suggest that

paclitaxel-induced cell apoptosis via Erk 1/2 and JNK pathways in HOS cells.
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Introduction

Osteosarcoma is the most common primary malignant tumor of bone, especially

in children. The principles of treatment of osteosarcoma have undergone dramatic

changes in the past 20 years. Until recently, 5-year survival of 20% with surgical

treatment alone was considered acceptable. This outcome suggested that 80% of the

patients had pulmonary metastasis (perhaps undetectable) at the time of presentation.

Hence, the chemotherapy is usually employed in the adjuvant situation to improve the

prognosis and long-term survival. However, their values were limited by toxicity or

lack of efficacy. Various inducers of apoptosis and the mechanisms of apoptosis have

been reported. Many chemotherapeutic drugs induce cancer cell death through

apoptotic pathways.

Paclitaxel (Taxol) was isolated from the bark of the Pacific yew Taxus

brevifolia and was reported to have cytotoxic activity against a broad range of murine

leukemia and solid tumors. Those solid tumors include chemotherapy-resistant

epithelial ovarian cancer, advanced breast cancer, small cell and non-small cell lung

cancer, and head and neck cancer. In vitro data, caspase-3 inhibitors reduced human

osteoblastic Saos-2 cells from paclitaxel-induced apoptosis. Human osteogenic

sarcoma U20S cells increased caspase-3 activity after paclitaxel exposure. We had

also demonstrated that paclitaxel inhibited N-acetyltransferase activity, DNA adduct



formation and gene expression in U20S cells. Thus far, little is known regarding the

mechanisms of apoptotic-inducing effect of paclitaxel on HOS cells. Although

paclitaxel interacts with microtubules and induces apoptosis in various tumor cells,

whether it can induce apoptosis in HOS cells is not very clear. Apoptosis signal

transduction and execution require the action of the cascade of caspases. Human

caspases- 1 to -10 have described that activation of caspase cascade is involved in

chemicals- and agentsinduced apoptosis. Caspase-3 is an executioner caspase and

relies on the action of the initiator caspases including caspase-8 and caspase-9 for its

action. However, there is no available information to address the effects of paclitaxel

on the cell cycle of HOS cells and caspase-3 on paclitaxel-induced apoptosis in

human HOS cells. Furthermore, the mitogen-activated protein kinase (MAPK) family

regulated the cellular responses to different extracellular stimuli and played as a

multi-functional mediator of signal transduction processes, including cell death,

differentiation, proliferation, and migration. Three major MAPK subfamilies have

been define the extracellular regulated kinases 1/2 (ERK1/ 2), the p38, and the c-Jun

N-terminal kinases 1/2 (JNK1/2). Each MAPK is activated through a specific

phosphorylation cascade. The ERK1/2 cascade is associated with celldifferentiation,

proliferation, and survival. Activation of ERK1/2 phosphorylation can induce cell

cycle arrest and apoptosis, such as DNA damage. Therefore, the purpose of this study



was to investigate the effects and possible mechanism of paclitaxel on the cell cycle

progression and regulatory molecules of HOS cells.

Materials and methods

Cells and paclitaxel treatment

Human osteosarcoma HOS cell line obtained from the Food Industry Research

and Development Institute (Hsinchu, Taiwan), were cultured in minimum essential

medium (MEM) (Gibco BRL, Grand Island, NY, USA) supplemented with 10% fetal

calf serum, 1 mM glutamine, 1% penicillin/streptomycin 1.5 g/L. sodium bicarbonate,

0.1 mM non-essential amino acids and 1 mM sodium pyruvate (Sigma, St. Louis MO,

USA). The cell cultures were maintained at 37°C in a humidified atmosphere of 5%

CO,. For paclitaxel treatment, appropriate amounts of stock solution of paclitaxel

(Sigma, St. Louis MO, USA) were added into culture medium to achieve the indicated

concentrations and then incubated with cells for indicated time periods, while DMSO

solution without paclitaxel was used as blank reagent.

Microculture tetrazolium (MTT) assay

For cell wviability experiment, a microculture tetrazolium (MTT)

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric assay

5



was performed to determine the cytotoxicity of paclitaxel. HOS cells were plated in
24-well plates at a density of 3 x 10* cells/well and were added to different
concentrations of paclitaxel at 37°C for 24 h. After the exposure period, media were
removed, followed by washing of the cells with phosphate-buffered saline (PBS).
Then, the medium was changed and incubated with 20 mL MTT (0.5 mg/mL) for 4 h.
The viable cell number/dish is directly proportional to the production of formazan,
which  following  solubilization  with  isopropanol, can be measured

spectrophotometrically at 563 nm.

DAPI Staining

Apoptosis was also quantitated by assessing nuclear changes using the nuclear
binding dye DAPI (Sigma Chemical Co., St Louis, MO, USA). After treatment, cells
were fixed and permeabilized with 2% (w/v) formaldehyde and 0.4% (w/v) Triton
X-100, respectively. Staining was performed with 1pg/ml DAPI in PBS for 3 min,

and chromatin fluorescence was observed under UV-light microscope.

Western blot analysis

PARP-1, Bid, Bcl-2, Bax, Caspase 3, caspase 8, caspase 9, Erk1/2, JNK and
p38 protein expressions were measured by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blot. In all analyses, protein concentration
was standardized among samples. Briefly, aliquots of cell lysates containing 30 ug

were separated by 10% SDS-PAGE. Electrophoresis was carried out at 20 V/cm for



120 min. The proteins in the SDS-polyacrylamie gel were transferred onto
nitrocellulose. After washing the blotted nitrocellulose twice with water, membranes

were blocked in freshly prepared PBS containing 5%.

Results
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Figure 1. The effects of paclitaxel on viability of HOS cells. Cells were treated with
paclitaxel at a concentration of 0.005, 0.01, 0.05, 0.1or 0.5 uM for 12, 24 and 48 hrs.
At the end of treatment, cell viability was determined by MTT assay. The data are
means £+ SD of 3 independent experiments (*P < 0.05).



Figure 2
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Figure 2. Apoptotic effect of paclitaxel on HOS cells. After a 48-hour paclitaxel
treatment with 0.5 uM, DNA condensation was analyzed by DAPI staining. The data
are means = SD of 3 independent experiments (*P < 0.05)



Figure 3
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Figure 3. Effects of paclitaxel on the Bcl-2 and Bax of HOS cells. Cells were exposed
to 0-0.5 uM paclitaxel for the indicated time, washed and then harvested. The cell
lystaes were analyzed by western blotting. Paclitaxel induced the Bax expression and

reduce Bcl-2 expression in HOS cells. The data are means + SD of 3 independent

experiments (*P <0.05)
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Figure 4
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Figure 4. Effects of paclitaxel on the PARP-1 of HOS cells. Cells were exposed to
0-0.5 uM paclitaxel for the indicated time, washed and then harvested. The cell
lystaes were analyzed by western blotting. Paclitaxel induced the PARP-1 cleavage in
HOS cells. The data are means £+ SD of 3 independent experiments (*P < 0.05)
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Figure 5
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Figure 5. Effects of paclitaxel on the caspase 8 of HOS cells. Cells were exposed to
0-0.5 uM paclitaxel for the indicated time, washed and then harvested. The cell
lystaes were analyzed by western blotting. Paclitaxel induced the caspase 8 activation
in HOS cells. The data are means = SD of 3 independent experiments (*P < 0.05)
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Figure 6
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Figure 6. Effect of paclitaxel on MAPKs pathway. The effect of paclitaxel on the

phosphorylation of ERK1/2, p38, and JNK1/2 was investigated by Western blot

analysis. Paclitaxel induced ERK1/2 and JNK1/2 phosphorylation in HOS cells.
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Figure 7. Effects of MAPK inhibitors on paclitaxel induced cell death. HOS cells

were treated with 0.5 uM paclitaxel for 24 h in the presence or absence of 10 uM

U0126, 20 uM SB203580, and 20 uM SP600125. Cell viability was estimated by

MTT assay. The results were expressed as the percentage of cell viability. Data were

represented as mean = SD of three independent experiments performed in triplicate.

*P<0.05, control versus paclitaxel; #P<0.05, paclitaxel versus MAPK inhibitor plus

paclitaxel.
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