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Abstract. Osteosarcoma is a malignant bone tumor which is 
found most commonly in adolescents and young adults. Local 
perfusion thermochemotherapy has long been proposed as an 
alternative strategy for the treatment of osteosarcoma. As a 
standard anticancer drug, paclitaxel plays a significant role in 
the treatment of a number of tumors; however, little is known 
concerning its ability to promote thermochemotherapy. The 
aim of this study was to evaluate the cytotoxic effects of a 
combination of paclitaxel and etoposide on an osteosarcoma 
cell line in the presence of hyperthermia and to investigate 
the related mechanism. Our study indicated that 1 h after 
the application of a combination of 10 µg/ml paclitaxel and 
5 µg/ml etoposide to OS732 cells at 43˚C, the survival rate 
of the cells was 14.52% which was significantly lower than 
when either 10 µg/ml paclitaxel (45.83%) or 5 µg/ml etopo-
side (43.31%) was applied alone (P<0.01). Moreover, changes 
in cellular morphology and apoptotic rates indicated that 
the apoptosis-inducing effect of the combination was much 
stronger than that of either drug applied individually. Fas 
expression levels in the OS732 cells were increased by the 
combination of paclitaxel and etoposide in the presence of 
hyperthermia. Therefore, paclitaxel enhances the thermoche-
motherapy of the osteosarcoma cell line and this is primarily 
accomplished by the upregulation of Fas expression and the 
induction of apoptosis.

Introduction

Osteosarcoma is an aggressive malignant neoplasm with 
poor prognosis. The use of local excision of the tumor tissue 
with limb salvage surgery combined with neoadjuvant 
chemotherapy has improved the survival rate markedly (1,2). 

However, the local excision is not always complete, which 
triggers recurrence at the primary site, leading to treatment 
failure (3,4). Local perfusion thermochemotherapy has long 
been proposed as an anticancer treatment, specifically for the 
prevention of local recurrence, for use in combination with 
surgery and chemotherapy (5-7). It has been shown that, at high 
temperatures, chemotherapeutic drugs kill the osteosarcoma 
tumor tissue that has not been removed by surgery, thereby 
reducing recurrence at the primary site (8,9).

Our laboratory has focused on identifying strategies for 
improving the thermochemotherapeutic effect of etoposide on 
osteosarcoma. We hypothesized that the combination of pacli-
taxel and etoposide in the presence of hyperthermia is likely 
to have an improved killing effect on osteosarcoma cells. The 
purpose of this study was to evaluate the cytotoxic effects 
of a combination of paclitaxel and etoposide on an osteosar-
coma cell line in the presence of hyperthermia and investigate 
the effects of the combination on the Fas-associated death 
receptor pathway.

Materials and methods

Materials. The OS732 osteosarcoma cell line was bought 
from Beijing Jishuitan Hospital and the RPMI-1640 powder 
was acquired from Gibco-BRL (Carlsbad, CA, USA). Trypsin, 
MTT and RNase A were acquired from Huamei Biological 
Co. (Beijing, China). The following materials were also used: 
paclitaxel (Beijing Concord Pharmaceutical, Beijing, China), 
etoposide (Hisun Pharmaceutical Co., Zhejiang, China), an 
enzyme meter (Bio-Rad, Hercules, CA, USA), a FACScan 
flow cytometer (Becton-Dickinson, Franklin Lakes, NJ, 
USA), an LH50A inverted phase contrast microscope 
(Olympus, Tokyo, Japan) and a fluorescence microscope 
(Nikon, Tokyo, Japan).

Cell culture and research methods. The OS732 osteosar-
coma cell line was added to RMPI-1640 solution with 10% 
fetal bovine serum and cultured in an incubator at 37˚C in a 
humidified 5% CO2 atmosphere. The cells that had entered 
the logarithmic growth phase were selected and heated using 
a numerical display constant temperature (±0.1˚C) water 
bath, set at various temperatures (37, 40 and 43˚C) for 1 h. 
We selected concentrations of 1, 10, 50 and 100 µg/ml for 
the paclitaxel group, 1, 5, 10 and 100 µg/ml for the etoposide 
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group and 10 µg/ml paclitaxel with 5 µg/ml etoposide for the 
combination group. PBS was used for the blank control group. 
These concentrations were selected on the basis of EC50 doses 
that we established in a preliminary trial. All trials were 
repeated four times. The study was approved by the ethics 
committee of China Medical University.

Measurement of the survival rates of tumor cells by the 
MTT method. The treated cells (5x105/ml) were seeded in a 
96-well plate with a 200 µl reaction volume per well, using 
4 parallel wells per group. After culturing for 24 h, freshly 
prepared 5 mg/ml MTT was added to each well and incuba-
tion was continued at 37˚C for 4 h. The supernatant was then 
discarded and 150 µl DMSO was added. The absorbance (A) 
was measured at 540 nm. The survival rate of the tumor cells 
(%) = Aexperimental group/Acontrol group x 100.

Observation of the morphology of apoptotic cells. The 
morphology, number and adherence of the tumor cells were 
directly observed using an inverted phase contrast microscope. 
A cover slide was placed in a 6-well plate, seeded with OS732 
cells, fixed for 10 min and stained with 0.5 ml Hoechst 33258 
staining solution for 5 min. Images were then captured using a 
fluorescence microscope.

Measurement of the proportion of apoptotic cells by flow 
cytometry (FCM). The digested cells were collected, washed 
with PBS, centrifuged and then treated with 70% cold ethanol 
to fix overnight. The cells were then centrifuged to remove 
ethanol and washed twice with PBS. The cells were stained 
in the dark with 100 µl PI staining solution at 4˚C for 1 h. The 
strength of the fluorescence was measured using a FACScan 
flow cytometer. The wavelength of the activating light was 
488 nm, and the apoptotic rates were measured using CellQuest 
analysis software.

Immunocytochemistry to detect Fas expression in OS732 
cells. Digested cells (2x105/ml) were placed in a 6-well 
culture plate with a pre-treated cover slide in each well. After 
culturing for 24 h, the supernatants were discarded, the drug 
or drug combination was added and culturing was continued 
for 24 h. A blank control group was also established. The cover 
slides were removed, fixed with acetone at 4˚C for 10 min 
and stained by the SP method. A brown-yellow cytoplasm 
indicated a Fas-positive cell, and the expression levels of Fas 
were determined from the average gray levels obtained using a 
micro-picture analysis system.

Statistic method. Experimental data are the mean ± SD. 
Comparisons among groups were made by ANOVA, and for 
any two groups, a t-test was used for statistical analysis. P<0.05 
was considered to indicate a statistically significant result. All 
results were analyzed using Windows SPSS 15.0 software.

Results

Changes in the survival rates of the tumor cells for the three 
thermochemotherapeutic drug treatments. Following the 
treatment of the OS732 cells at various temperatures for 1 h 
with paclitaxel at concentrations of 1, 10, 50 and 100 µg/ml, 

the cell growth was inhibited in a dose-dependent manner and 
there were significant differences between the groups (P<0.05; 
Fig. 1A). Similarly, when etoposide was used at concentra-
tions of 1, 5, 10 and 100 µg/ml, the cell growth also varied 
between the groups (P<0.05; Fig. 1B). For the combination 
of 10 µg/ml paclitaxel and 5 µg/ml etoposide, the survival 
rate was significantly lower (P<0.01; Fig. 1C) than for either 
10 µg/ml paclitaxel or 5 µg/ml etoposide alone, showing that 
the combination of paclitaxel and etoposide has a stronger 
inhibitory effect than either single agent. More significantly, 
we found that the cell growth was inhibited in a temperature-
dependent manner since the survival rates of the OS732 cells 
were lowest at 43˚C and highest at 37˚C.

Morphological changes of apoptosis in OS732 cells. Under 
an inverted phase contrast microscope, the normal OS732 
cells were observed to be attached to the dish; the cells were 
rhomboid and angular and were growing adhered to the 
dish (Fig. 2A). Following the application of either paclitaxel 
(10 µg/ml) or etoposide (5 µg/ml), certain parts of the cells 
became small and round (Fig. 2B and C) whereas following the 
combined application, chromatin and cytoplasm condensation 
occurred and numerous cells exfoliated and were suspended in 

Figure 1. The inhibitory effects of chemotherapeutic agents on OS732 cells 
treated at various temperatures for 1 h, measured by MTT. Survival rates of 
OS732 cells treated with (A) various concentrations of paclitaxel, (B) various 
concentrations of etoposide and (C) a combination of 10 µg/ml paclitaxel and 
5 µg/ml etoposide.

  A

  B

  C
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the culture medium (Fig. 2D). Using a fluorescence microscope, 
lightly-stained control OS732 cells were observed (Fig. 2E). 
Following the application of either paclitaxel (10 µg/ml) 
or etoposide (5 µg/ml), only parts of the cells demonstrated 
condensed and flared fluorescence (Fig. 2F and G) whereas, 
following the combined application, condensed and flared 
fluorescence was clearly observed, revealing the presence of 
numerous apoptotic cells (Fig. 2H).

Comparison of the apoptotic rates in OS732 cells for various 
medication methods by FCM. Following the treatment of the 
cells at various temperatures for 1 h with paclitaxel at concen-
trations of 1, 10, 50 and 100 µg/ml, the apoptotic rate increased 
in a dose-dependent manner and there were significant differ-
ences between the groups (P<0.05; Fig. 3A). For etoposide 
concentrations of 1, 5, 10 and 100 µg/ml, the apoptotic rate 
also increased in a dose-dependent manner, and there were 
significant differences between groups (P<0.01; Fig. 3B). For 
the combination of 10 µg/ml paclitaxel and 5 µg/ml etoposide, 
the apoptotic rate was significantly higher (P<0.01; Fig. 3C) 
than for 10 µg/ml paclitaxel or 5 µg/ml etoposide alone, 
indicating that the combined use of paclitaxel and etoposide 
has a stronger apoptosis-inducing effect than the use of either 
individually.

Fas expression in OS732 cells by immunocytochemistry. We 
observed only a small number of brown particles in the cyto-
plasms of the control OS732 cells (Fig. 4A). Deeper staining 
of the cytoplasms was observed following treatment with 
10 µg/ml paclitaxel (Fig. 4B) or 5 µg/ml etoposide (Fig. 4C). 
For cells treated with a combination of 10 µg/ml paclitaxel and 
5 µg/ml etoposide, the cytoplasms were stained much more 
strongly; staining was observed in the entire field of vision 
(Fig. 4D). We further measured the Fas levels quantitatively 
using a MetaMorph automatic image analyzer to compare the 
average gray values, which are inversely proportional to the 
levels of Fas expression (Fig. 4E)

Figure 2. Morphological changes and fluorescent staining of OS732 cells treated with various drugs at 43˚C for 1 h. Morphological appearance of (A) control 
OS732 cells, (B) OS732 cells treated with 10 µg/ml paclitaxel, (C) OS732 cells treated with 5 µg/ml etoposide and (D) OS732 cells treated with a combination 
of 10 µg/ml paclitaxel and 5 µg/ml etoposide viewed under an inverted phase contrast microscope (x400). Fluorescent staining of (E) control OS732 cells, 
(F) OS732 cells treated with 10 µg/ml paclitaxel, (G) OS732 cells treated with 5 µg /ml etoposide and (H) OS732 cells treated with 10 µg/ml paclitaxel and 
5 µg/ml etoposide viewed under a fluorescence microscope (x400).

Figure 3. Apoptotic effect in OS732 cells of drug treatment at various tem-
peratures for 1 h. Apoptotic rates in OS732 cells treated with (A) various 
concentrations of paclitaxel, (B) various concentrations of etoposide and 
(C) a combination of 10 µg/ml paclitaxel and 5 µg/ml etoposide.
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Discussion

Thermochemotherapy is a comprehensive method that 
has been developed based on the hyperthermal therapy of 
malignant tumors. The isolated perfused chemotherapy of 
osteosarcoma hyperthermally may not only effectively control 
the primary local tumor, but also greatly increase the rate of 
successful limb salvage (6,8). Although the efficacy of thermo-
therapy with etoposide has been extensively demonstrated in a 
number of tumor tissues (10-12), there are only limited studies 
available in the field of osteosarcoma. It is well known that 
the optimal therapeutic temperature clinically is 42-43˚C for 
1 h (10) as this maximizes the tumor damage while preserving 
the surrounding normal tissue. We also found that 43˚C is the 
ideal temperature for a combination of paclitaxel and etopo-
side to kill the OS732 cell lines in thermochemotherapy.

In the current study, we found that following the use of 
etoposide or paclitaxel at various temperatures for 1 h, the 
proliferation of tumor cells was inhibited in a dose-dependent 
manner, indicating that each drug had a characteristic thermo-
therapy-enhanced effect (Fig. 1A and B). From observation of 
the morphological changes in the apoptotic cells by inverted 
phase contrast microscopy (Fig. 2B and C) and by fluores-
cence microscopy (Fig. 2F and G), we deduced that paclitaxel 
and etoposide induced apoptosis in the osteosarcoma cells. 

Assessment of the proportion of apoptotic cells by FCM 
(Fig. 3A and B) revealed that the killing effect on OS732 cells 
was due to the induction of apoptosis. 

Currently, there is a consensus on the enhancing effect of 
thermotherapy on etoposide (10-12), and positive views on 
the enhancing effect of thermotherapy on paclitaxel have been 
reported (13-15). However, there are also contrary opinions; 
Mohamed et al reported that the cytotoxicity of docetaxel 
is enhanced by hyperthermia whereas that of paclitaxel is 
not (16).

We found that following the joint application of low doses 
of paclitaxel and etoposide to OS732 cells at 43˚C for 1 h, the 
cell survival rates decreased sharply compared with those 
treated individually with paclitaxel or etoposide (Fig. 1C), 
demonstrating that the combined use of paclitaxel and etopo-
side has a stronger inhibitory effect. We also found apoptotic 
changes in the combination group when observing the cells 
under an inverted phase contrast microscope (Fig. 2D) as well 
as with a fluorescence microscope (Fig. 2H). The apoptotic 
rates in the combination group were clearly higher (P<0.01) 
than in the individual treatment groups, indicating that the 
inhibitory effect on the tumor cells was predominantly accom-
plished by the induction of apoptosis (Fig. 3C), in agreement 
with studies in other tumors (17).

There are two accepted theories concerning the antitumor 
mechanism of thermochemotherapy. Firstly, thermotherapy 
may alter the membranes of the tumor cells and thereby enable 
the drugs to enter the tumor cells more easily (18). Secondly, 
thermotherapy may promote the ability of the drugs to induce 
apoptosis in the tumor cells. A number of chemotherapeutic 
agents induce cellular apoptosis by various mechanisms which 
may be promoted by thermotherapy. Our study indicates that, 
under hyperthermal conditions, paclitaxol and etoposide each 
individually increased Fas expression levels compared with 
the control group; however, the combination of paclitaxel and 
etoposide greatly increased the Fas expression levels in the 
OS732 cells compared with the individual treatments (Fig. 4).

Previous studies have revealed that Fas-FADD signaling 
is critical in the induction of apotosis in tumor cells by etopo-
side (19-21). Our results are essentially consistent with those of 
previous studies. As for the antitumor mechanism of paclitaxel, 
it is primarily regarded to be the induction of cell accumula-
tion in the G2/M phase of the cell cycle (22). Certain studies 
have revealed that Fas-FADD signaling is also influential in 
the induction of apoptosis in tumor cells by paclitaxel (23,24). 
It has also been reported that paclitaxel triggers cell death in 
H460 cells via an unidentified caspase-independent mecha-
nism (25). Our results reveal that paclitaxel increases the 
expression levels of Fas in OS732 cells; however, we should 
not neglect the possibility that hyperthermia is also involved in 
the upregulation of Fas expression since previous studies have 
indicated that hyperthermia affects Fas levels (26,27). We found 
that, in the presence of hyperthermia, small doses of paclitaxel 
and etoposide synergistically contributed to the upregulation 
of Fas, which we reveal is the probable mechanism by which 
paclitaxel acts in the thermochemotherapy of osteosarcoma. 
Since local thermal etoposide infusion chemotherapy has been 
widely used clinically, we expect that the upregulation of Fas 
is likely to help to improve the sensitivity of the osteosarcoma 
cells to thermochemotherapy with etoposide and maximize 

Figure 4. Fas expression in OS732 cells following treatment with various 
drugs at 43˚C for 1 h. Fas expression in (A) control OS732 cells, (B) OS732 
cells treated with 10 µg/ml paclitaxel, (C) OS732 cells treated with 5 µg/ml 
etoposide and (D) OS732 cells treated with a combination of 10 µg/ml pacli-
taxel and 5 µg/ml etoposide, visualized by immunocytochemical staining 
(x400). (E) Fas levels in OS732 cells following various treatments, deter-
mined by comparison of average gray values obtained using a micro-picture 
analysis system.
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the cytotoxic effects on the primary tumor so as to prevent 
recurrence following surgery.

In conclusion, our results demonstrate that paclitaxel is 
capable of sensitizing the OS732 cell line to etoposide in the 
presence of hyperthermia by upregulation of Fas expression. 
Paclitaxel is commonly used in cancer treatment (28,29). 
However, we consider that the use of paclitaxel in the ther-
mochemotherapy of osteosarcoma would be a more suitable 
therapeutic method. Since etoposide and paclitaxel are anti-
tumor drugs with specific therapeutic effects, toxicity and 
resistance may readily occur following their large-dose and 
long-term use, whereas the combined application of small doses 
of etoposide and paclitaxel in the presence of hyperthermia 
is likely to enhance the apoptosis-inducing effect, resulting 
in improved drug sensitivity in osteosarcoma patients and 
minimizing the cytotoxicity caused by clinical chemotherapy.

In this study, the combined application of 10 µg/ml pacli-
taxel and 5 µg/ml etoposide to OS732 cells in the presence of 
hyperthermia greatly inhibited the OS732 cells by inducing 
apoptosis more strongly than the application of 10 µg/ml 
paclitaxel or 5 µg/ml etoposide alone. Paclitaxel enhances the 
thermochemotherapy of osteosarcoma cell lines and this is 
primarily accomplished by the upregulation of Fas expression 
and the induction of apoptosis.
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