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Abstract:    This paper aims to investigate the effects of artesunate (ART) on growth and apoptosis in human os-
teosarcoma HOS cell line in vitro and in vivo and to explore the possible underlying mechanisms. Cell viability was 
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The induction of apoptosis 
was detected by light and transmission electron microscopy and flow cytometry. Western blot analysis was used to 
investigate the related mechanisms. Nude mice were further employed to investigate the antitumour activity of ART in 
vivo. MTT assay results demonstrated that ART selectively inhibits the growth of HOS cells in a dose- and 
time-dependent manner. Based on the findings of light and transmission electron microscopy, Hoechst 33258 staining, 
and fluorescein isothiocyanate (FITC)-annexin V staining, the cytotoxicity of ART in HOS cells occurs through apop-
tosis. With ART treatment, cytosolic cytochrome c was increased, Bax expression was gradually upregulated, Bcl-2 
expression was downregulated, and caspase-9 and caspase-3 were activated. Thus, the intrinsic apoptotic pathway 
may be involved in ART-induced apoptosis. Cell cycle analysis by flow cytometry indicated that ART may induce cell 
cycle arrest at G2/M phase. In nude mice bearing HOS xenograft tumours, ART inhibited tumour growth and regulated 
the expressions of cleaved caspase-3 and survivin, in agreement with in vitro observations. ART has a selective 
antitumour activity against human osteosarcoma HOS cells, which may be related to its effects on induction of apoptosis 
via the intrinsic pathway. The results suggest that ART is a promising candidate for the treatment of osteosarcoma. 
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1  Introduction 

 
Osteosarcoma is the most common primary ma-

lignant tumour of the bone and occurs mainly in chil-
dren and adolescents. The primary treatment is a 
combination of surgery and neoadjuvant chemother-
apy. In localized osteosarcoma patients, the five-year 
survival rates are approximately 65%–75% (Mirabello 
et al., 2009). However, the prognosis for patients with 
recurrence and metastases is quite poor (Fagioli et al., 
2008). Additionally, most of the neoadjuvant che-
motherapy drugs have extensive side effects, and 

multidrug resistant cases are common, particularly 
with cisplatin and doxorubicin (Longhi et al., 2000; 
Chou and Gorlick, 2006; Schwartz et al., 2007). Over 
the past 35 years, there has been no significant im-
provement in chemotherapy for osteosarcoma (Jaffe, 
2010). Hence, there is an urgent need for new che-
motherapy agents which are more effective and safer. 

Artesunate (ART) is a partially-synthetic de-
rivative of artemisinin, which is extracted from the 
Chinese herb Artemisia annua, and has been ap-
proved by the Chinese government for the treatment 
of malaria. During its many years of use, ART has 
been well tolerated by patients, with little toxicity and 
no obvious side effects (Doherty et al., 1999; 
Weerasinghe et al., 2002; Adjuik et al., 2004; Efferth 
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and Kaina, 2010). The therapeutic doses of ART for 
patients are about 2–10 mg/(kg·d) (Taylor et al., 
2006). Recently, it has been reported that ART also 
exerts potent antitumour activity towards a variety of 
human cancer cells in culture, as well as in certain 
animal models (Efferth et al., 2001; 2007; Li L.N. et 
al., 2007; Li S. et al., 2009; Du et al., 2010; Michaelis 
et al., 2010). In addition, Berger et al. (2005) first 
reported that long-term treatment with ART in com-
bination with standard chemotherapy prolonged the 
survival time of two cancer patients suffering from 
metastatic uveal melanoma. Possible mechanisms for 
the antitumour activity of ART include induction of 
tumour cell apoptosis or oncosis (Efferth et al., 2007; 
Li et al., 2009; Du et al., 2010), inhibition of angio-
genesis and downregulation of vascular endothelial 
growth factor expression (Dell′Eva et al., 2004; Zhou 
et al., 2007), induction of DNA damage (Li et al., 
2008), suppression of the hyperactive Wnt/β-catenin 
pathway (Li et al., 2007), and inhibition of tumour 
invasion and metastasis (Rasheed et al., 2010). Apart 
from these, Efferth et al. (2003) reported that oxida-
tive stress, which seems to be necessary for the an-
timalarial effects of ART, also plays an important role 
in ART antitumour activity.  

Little is known about the effects of ART on hu-
man osteosarcoma cells. In the present study, we 
evaluated the anti-proliferative activity of ART in os-
teosarcoma HOS cell line in vitro and in vivo. We also 
investigated the possible underlying mechanisms me-
diating the antitumour effects of ART in this cell line. 

 
 

2  Materials and methods 

2.1  Cell culture 

Human osteosarcoma cell line HOS and human 
osteoblast cell line hFOB1.19 were both obtained 
from the Cell Collection of Chinese Academy of 
Sciences (Shanghai, China). HOS cells were cultured 
in Dulbecco’s modified Eagle medium (DMEM) at 
37 °C, while hFOB1.19 cells were grown in DMEM/ 
F12 in the presence of 0.3 mg/ml G418 at 33.5 °C 
(Brama et al., 2007). All cell cultures were supple-
mented with 10% (v/v) fetal bovine serum (GIBCO, 
Carlsbad, CA, USA), 100 U/ml penicillin, and  
100 μg/ml streptomycin, and maintained in a hu-
midified atmosphere of 5% (v/v) CO2. 

2.2  Chemicals and reagents 
 

Solutions of ART (Guilin Pharmaceutical Co., Ltd., 
Guangxi, China) were freshly prepared in 0.05 g/ml 
sodium bicarbonate and diluted in cell culture media 
to the indicated final concentrations. Control groups 
contained sodium bicarbonate at a dilution (v/v) 
equivalent to that used for the highest concentration 
of ART-treated groups in vitro. Cisplatin (CDDP), 
Hoechst 33258, dimethyl sulfoxide (DMSO), and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). An annexin V/ 
propidium iodide (PI) double-staining kit was ob-
tained from BioVision Inc. (Mountain View, CA, 
USA). Anti-Bax and anti-Bcl-2 antibodies, as well as 
horseradish peroxidase (HRP)-conjugated goat anti- 
mouse and HRP-conjugated goat anti-rabbit secondary 
antibodies, were from Santa Cruz Biotechnology (CA, 
USA). Antibodies to caspase-3, caspase-9, cleaved 
caspase-3, cytochrome c, and survivin were from Cell 
Signaling Technologies (Danvers, MA, USA).  

2.3  Cytotoxicity assay 

To evaluate whether the inhibitory effect of ART 
on cell growth is general or selective, we used a 
normal cell line hFOB1.19 as a control. HOS and 
hFOB1.19 cells were seeded in 96-well plates at a 
density of 4000–6000 cells/well. After overnight 
incubation, the media were replaced with fresh media 
containing ART at 0, 10, 20, 40, 80, and 160 μmol/L, 
respectively, and the cells were cultured for 24, 48, or 
72 h. Control wells received no ART. At each time 
point, 20 μl of MTT (5 mg/ml) solution was added to 
each well, and the plates were cultured at 37 °C for 
another 4 h. Then, the media were replaced with  
150 μl of DMSO to dissolve the formazan crystals, 
and the absorbance (optical density) at 570 nm (OD570) 
was measured with a microplate reader (Dynatech 
MR7000; Dynatech Laboratories, Inc., Chantilly, VA, 
USA). The rate of growth inhibition was calculated as: 
IR=(1−OD570,test/OD570,con)×100%, where IR is inhi-
bition rate, OD570,test is OD570 of test well, and 
OD570,con is OD570 of control well. 

2.4  Assessment of cell morphology 

After ART exposure, cell morphology was ex-
amined by phase-contrast light microscopy (Olympus, 
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Tokyo, Japan). To confirm morphological changes of 
nuclei, HOS cells treated with or without 80 μmol/L 
ART for 48 h were collected, fixed in 4% (v/v) for-
maldehyde for 30 min, washed three times with 
phosphate buffer solution (PBS), stained with  
10 μg/ml Hoechst 33258 for 15 min, and then exam-
ined under a fluorescence microscope (Olympus, 
Tokyo, Japan). 

2.5  Electron microscopy 

HOS cells were fixed with 2.5% (v/v) glu-
taraldehyde in 0.1 mol/L PBS (pH 7.4) for 2 h, 
washed with PBS, and post-fixed in 0.01 g/ml os-
mium tetroxide for 1 h. The cells were dehydrated in 
acetone and embedded in epoxy resin. Ultrathin 
sections were stained with uranyl acetate and lead 
citrate, and examined under a transmission electron 
microscope (Philips TECNAI10, FEI Company, 
Hillsboro, OR, USA). 

2.6  Annexin V/PI assay 

After 48 h of treatment with ART, floating and 
adherent HOS cells were collected, stained with PI 
and fluorescein isothiocyanate (FITC)-annexin V, 
and analyzed by FACSCalibur flow cytometer (BD 
Biosciences, San Jose, CA, USA). Early apoptotic 
cells were positive for annexin V and negative for PI, 
whereas late apoptotic cells undergoing secondary 
necrosis were positive for both annexin V and PI. 

2.7  Western blot analysis 

Treated with ART for 48 h, the cells were har-
vested, washed with ice-cold PBS, suspended in  
200 μl of ice-cold solubilizing buffer (300 mmol/L 
NaCl, 50 mmol/L Tris-HCl (pH 7.6), 0.5% (v/v)  
Triton X-100, 2 mmol phenylmethanesulfonyl fluo-
ride, 2 μl/ml aprotinin, and 2 μl/ml leupeptin), and 
incubated at 4 °C for 1 h. The extracts were cleared by 
centrifugation at 13 000 r/min for 20 min at 4 °C, and 
the protein content was quantified using a bicin-
choninic acid (BCA) protein assay kit (Pierce, Rock-
ford, IL, USA) according to the manufacturer’s in-
structions. Equivalent amounts of proteins were 
separated by 0.08–0.12 g/ml sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene difluoride (PVDF) 
membranes. The blots were blocked with 0.05 g/ml 
non-fat dry milk, incubated with primary antibody 

overnight at 4 °C, and then incubated with HRP- 
conjugated secondary antibody for 1 h at room tem-
perature. Immunoreactive proteins were detected by 
enhanced chemiluminescence (Amersham Biosci-
ences, Piscataway, USA), followed by exposure to 
X-ray film. 

2.8  Cell cycle analysis 

HOS cells were cultured in 6-well plates over-
night and then incubated with fresh medium con-
taining 0, 20, 40, or 80 μmol/L ART for 48 h. Floating 
and adherent cells were collected, washed with PBS, 
and fixed with 70% (v/v) ice-cold methanol overnight 
at 4 °C. The fixed cells were collected by centrifuga-
tion, washed with PBS, and resuspended in 0.5 ml of 
PBS containing 40 μg/ml RNase A and 50 μg/ml PI. 
Then they were examined with a FACSCalibur flow 
cytometer. 

2.9  Antitumour effect of ART in vivo 

Female BALB/c-nu mice (4–6 weeks old) were 
purchased from Shanghai Laboratory Animal Center 
of Chinese Academy of Sciences. They were main-
tained under specific pathogen-free conditions and 
supplied with sterilized food and water. Tumours 
were established by subcutaneous injection of 5×106 
HOS cells into the flank of each mouse. The length (l) 
and width (b) of the tumour along with the body 
weights of the mice were measured twice weekly. The 
volume (V) of each tumour was estimated according 
to the formula: V=l×b2/2. When the tumours reached 
a volume of around 120 mm3 at about two weeks, the 
mice were randomly divided into five groups (n=6): 
negative control group (mice injected intraperito-
neally with 100 μl of saline once daily), positive drug 
control group (mice injected intraperitoneally with  
2 mg/kg cisplatin twice weekly), and three ART 
groups (mice injected intraperitoneally with 50, 100, 
or 200 mg/kg ART once daily). The mice were 
closely monitored, and after 18 d, all mice were 
anesthetized by ether and sacrificed by neck dissec-
tion. The tumours were removed, weighed, and fixed 
in formalin for further analysis. All treatment proto-
cols were approved by the Animal Care and Use 
Committee of Zhejiang University, China. 

2.10  Immunohistochemistry 

For immunohistochemical analyses of cleaved 
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caspase-3 and survivin, formalin-fixed tumour 
specimens were embedded in paraffin and sectioned. 
The sections were autoclaved at 121 °C for 10 min in 
citric acid solution (pH 6.0) for antigen retrieval. 
After quenching of endogenous peroxidase activity 
and blocking of non-specific binding sites, the sec-
tions were incubated with primary antibodies against 
cleaved caspase-3 or survivin (diluted 1:300), over-
night at 4 °C. After washed three times with PBS 
again, the sections were incubated in secondary 
antibody (biotinylated goat anti-rabbit IgG diluted 
1:500) for 30 min at 37 °C, washed, and then incu-
bated with streptavidin-peroxidase conjugate for  
30 min at 37 °C. Immunoreactivity was visualized 
by incubation with 3′-diaminobenzidine (Sigma, 
USA) for 5 min. Hematoxylin was used for back-
ground counterstaining. 

2.11  Statistical analysis 

All quantitative assays were performed in trip-
licate. The results are expressed as mean±standard 
deviation (SD). Statistical analysis of the difference 
between treated and untreated groups was performed 
with Student’s t-test. Values of P<0.05 were consid-
ered to indicate significant differences. 

 
 

3  Results 

3.1  Inhibition of proliferation of HOS cells in a 
dose- and time-dependent manner 

We examined the effects of ART on the viabil-
ities of HOS and hFOB1.19 cells using an MTT assay. 
As shown in Fig. 1a, ART markedly inhibited the 
growth of HOS cells in a dose- and time-dependent 
manner, while hFOB1.19 cells were more resistant to 
ART. The half maximal inhibitory concentration 
(IC50) values of ART on HOS and hFOB1.19 cells at 
48 h were 52.8 and 206.3 μmol/L, respectively. The 
data suggests that ART induces selective cytotoxicity 
in human osteosarcoma cells. 

3.2  Induction of morphological changes of  
HOS cells 

Untreated HOS cells grew well with clearly 
visible cytoskeletons, as seen by phase contrast mi-
croscopy. After 48 h of treatment, ART produced 
broken, necrosed, and detached cells in a dose-  

dependent manner, which was consistent with the 
growth inhibition (Fig. 1b). ART-treated HOS cells 
stained with the fluorescent DNA-binding dye 
Hoechst 33258 displayed condensed and fragmented 
nuclei, which are typical morphological features of 
apoptotic cells. In contrast, no morphological signs of 
apoptosis were observed in untreated cells (Fig. 1c). 
Transmission electron microscopic observations of 
the ultrastructural features in HOS cells revealed 
intact nucleoli, homogeneous chromatin, and visible 
microvilli in control cells. In contrast, cells treated 
with 80 μmol/L ART showed condensed chromatin, 
an irregular nuclear membrane, and cytoplasmic 
vacuoles, with no detectable microvilli (Fig. 1d). 

3.3  Induction of apoptosis in HOS cells 

To further confirm the rates of ART-induced 
cellular apoptosis, HOS cells were treated with vari-
ous concentrations of ART for 48 h, stained with 
annexin V/PI, and then analyzed by flow cytometry. 
As shown in Fig. 2, the percentage of early apoptotic 
cells (annexin V+/PI−) in the control group was 1.74%, 
whereas cells treated with 20, 40, and 80 μmol/L ART 
had early apoptotic rates of 13.77%, 27.89%, and 
32.58%, respectively. The results suggest that ART 
induced apoptosis in HOS cells in a dose-dependent 
manner. 

3.4  Apoptotic signalling pathways 

To investigate the mechanism by which ART 
induces apoptosis, we analyzed the expressions of 
apoptotic proteins in HOS cells, using Western blots. 
As shown in Fig. 3, ART dose-dependently stimu-
lated the protein levels of cytochrome c, Bax, cleaved 
caspase-3, and cleaved caspase-9, while decreasing 
the protein levels of pro-caspase-3, pro-caspase-9, 
Bcl-2, and survivin. Additionally, the ratio of 
Bax/Bcl-2 was elevated, which may contribute to the 
apoptotic process. 

3.5  Induction of cell cycle distribution changes of 
HOS cells 

The cell cycle distribution of HOS cells treated 
with ART for 48 h was analyzed by flow cytometry. 
Compared with control cells, cells treated with 20, 40, 
and 80 μmol/L ART had a decreased proportion of 
cells in G0/G1 phase and a significantly increased 
proportion of cells in G2/M phase (Fig. 4). 
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3.6  Inhibition of growth of HOS solid tumours  
in vivo 
 

On the basis of our in vitro results, we examined 
the effects of ART on the growth of HOS cells in 
mouse xenograft models. When the tumour volumes 
reached about 120 mm3, the mice were sorted into 
five groups to begin treatment. After 18 d of treatment, 
the tumour volumes in ART-treated and CDDP- 
treated mice were reduced compared with the volume 
in negative control mice (Fig. 5a). Furthermore, ART 
dose-dependently inhibited tumour growth. At an 
ART concentration of 200 mg/kg, the maximum rate 
of inhibition was reached, and it was not significantly 
different from that in the CDDP-treated positive  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

control group (P>0.05). The average body weight of 
mice in all treatment groups, including the negative 
control group, tended to decrease as the protocol 
continued, with CDDP treatment causing more severe 
body weight loss than ART treatment (Table 1). This 
suggests that nude mice are more tolerant of ART 
than CDDP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Average body weight of mice in every group
Body weight (g) Groups Beginning End 

Control (saline) 18.3±0.9 18.0±0.6 
50 mg/kg ART 18.4±1.0 17.6±0.6 
100 mg/kg ART 18.7±0.7 17.3±0.9 
200 mg/kg ART 18.8±0.9 16.7±0.8* 
CDDP 18.6±0.8 15.7±0.5** 
* P<0.05, ** P<0.01, compared with the control (saline) group 
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Fig. 1  Effects of ART on cell proliferation and morphological changes 
(a) Human osteosarcoma HOS cells and human osteoblast hFOB1.19 cells were treated with various concentrations of ART 
for 24, 48, and 72 h, and the inhibition of cell growth was measured by MTT assay. Results are expressed as mean±SD of three 
independent experiments. (b) HOS cells were treated with 0, 20, 40, or 80 μmol/L ART for 48 h. Morphological changes were 
examined and photographed under a phase contrast microscope. (c) HOS cells were treated with or without 80 μmol/L ART 
for 48 h, stained with Hoechst 33258, and observed under a fluorescence microscope. (d) After treatment with or without 
80 μmol/L ART for 48 h, HOS cells were examined for ultrastructural morphological features of apoptosis by transmission 
electron microscopy 
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3.7  Immunohistochemical studies of xenograft 
tumour tissues 

We evaluated the expressions of apoptosis-  
related proteins in tumour tissues by immunohisto-
chemical staining of cleaved caspase-3 and survivin. 
Figs. 5b and 5c show representative staining of 
cleaved caspase-3 and survivin, respectively, in 
mouse tumour tissues. Compared to the negative 
control group, there was a marked increase in cleaved 
caspase-3 expression and a decrease in survivin ex-
pression in mice treated with 200 mg/kg ART. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Flow cytometric analysis of ART-induced apoptosis in 
HOS cells using FITC-annexin V/PI staining 
(a) HOS cells were treated with 0, 20, 40, or 80 μmol/L ART for 
48 h and stained with FITC-annexin V/PI. Apoptotic and necrotic 
cell populations were analyzed by flow cytometry. Cells in the 
lower right quadrant represent early apoptotic cells, and cells in the 
upper right quadrant represent late apoptotic cells undergoing 
secondary necrosis. Data are representative of three similar ex-
periments. (b) The early and late apoptotic rates of HOS cells 
induced by ART. ** P<0.01, compared with the control group 
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Fig. 3  Effects of ART on the expressions of apoptosis- 
related proteins 
Following treatment of HOS cells with different concentra-
tions of ART for 48 h, caspase-3, caspase-9, cytochrome c, 
Bax, Bcl-2, and survivin protein expression levels were 
analyzed by Western blots. Data are representative of three 
independent experiments 
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cycle. Data are representative of three similar experiments 
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4  Discussion 
 
Osteosarcoma is a highly malignant disease. 

Although neoadjuvant chemotherapy can be effective, 
drug resistance and side effects remain serious prob-
lems that reduce the quality of life for the patients. To 
improve the prognosis for osteosarcoma, it is neces-
sary to develop new anticancer agents with tumour- 
selective cytotoxicity. ART, which is an approved 
treatment option for multidrug-resistant malaria 
therapy, has an excellent safety profile. However, its 
biological activity has not been completely elucidated. 
Recently, the antitumour activity of ART has been 
described (Efferth et al., 2001; 2007; Berger et al., 
2005; Li L.N. et al., 2007; Li S. et al., 2009; Du et al., 
2010; Michaelis et al., 2010). In the present work, we 
report for the first time that ART can exert potent 
cytotoxic effects on human osteosarcoma HOS cell 
line in vitro and in vivo. The cytotoxicity of ART was 
mediated by apoptosis, which was further supported 
by both morphological features and expressions of 
apoptosis-related proteins. For example, Hoechst 
33258 staining and electron microscopy observations 
revealed that ART treatment produced condensed and 
fragmented nuclei, an irregular nuclear membrane, 
and deceased microvilli on the cells, all of which are 
typical of apoptosis. 

Apoptosis, also known as programmed cell 
death, plays important roles in maintaining cell ho-
meostasis, and dysfunction of apoptotic signalling 
may cause serious conditions such as cancer and 
autoimmune disease (Mahoney and Rosen, 2005). In 
recent decades, apoptosis has been the most studied 
mechanism of anticancer therapy. And many factors 
participate in this process. The Bax and Bcl-2 proteins 
are members of the Bcl-2 family, which consists of 
both pro-apoptotic and anti-apoptotic proteins that 
exert opposing effects on mitochondria (Walensky, 
2006). Bax can promote the release of cytochrome c 
from mitochondria into the cytosol to enhance apop-
tosis, whereas Bcl-2 is a potent suppressor of apop-
tosis and can block the release of cytochrome c by 
preserving the integrity of the mitochondrial mem-
branes (Yang et al., 1997; Eskes et al., 2000; 
Walensky, 2006). According to Efferth et al. (2003), 
tumour cells transfected with the Bcl-2 gene were 
more resistant to ART than control cells. In the pre-
sent study, we observed that ART markedly increased 
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Fig. 5  Effects of ART on osteosarcoma HOS cell xeno-
grafts in vivo 
(a) Tumour volume in nude mice treated with an i.p. injection 
of ART (50, 100, or 200 mg/kg) for 18 d. Saline and cisplatin 
(CDDP, 2 mg/kg) were used as negative and positive con-
trols, respectively. * P<0.05, ** P<0.01, significant difference 
in tumour volume compared with the negative control. 
(b) Representative immunochemical staining using an antibody 
that reacts with the active cleaved form of caspase-3. Tumour 
tissues were prepared from the negative control group and 
ART (200 mg/kg)-treated group. More apoptotic cells were 
observed in sections of the tumour from the mice given ART. 
(c) Representative immunochemical staining using anti- 
survivin antibody on tumour tissues from the negative con-
trol group and ART (200 mg/kg)-treated group. Survivin was 
primarily expressed in the cytoplasm of osteosarcoma cells, 
with less expression in the ART-treated group 
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Bax expression and decreased Bcl-2 expression in 
HOS cells in a dose-dependent manner. An increased 
Bax/Bcl-2 ratio results in the release of cytochrome c 
and the activation of pro-caspase-9 (Bossy-Wetzel 
and Green, 1999). Active caspase-9 then cleaves and 
activates pro-caspase-3 to initiate a cascade of addi-
tional caspase activation, culminating in apoptosis. 
Thus, ART-induced apoptosis of HOS cells may be 
closely correlated with the intrinsic pathway, which is 
regulated mainly by Bcl-2, Bax, and cytochrome c 
(Garcia-Fuster et al., 2008). And this mechanism was 
also observed in doxorubicin-resistant T leukemia 
cells by Efferth et al. (2007). However, Du et al. 
(2010) reported that ART also could induce oncosis- 
like cell death in Panc-1 pancreatic cancer cells. 
Therefore, ART may act through distinct mechanisms 
of cytotoxicity in different cancer cell lines. 

Survivin, a member of the inhibitor of apoptosis 
protein family (Altieri, 2003), is abundantly ex-
pressed in cancer cells, but minimally expressed in 
normal differentiated adult tissues. It participates in 
the control of apoptosis and the regulation of cell 
division. Survivin has been reported to mediate mi-
totic progression, with highest expression in the G2/M 
phase (Uren et al., 2000). Osaka et al. (2007) sug-
gested that the expression level of survivin may be 
useful as an independent prognostic indicator for 
osteosarcoma patients. In the present study, survivin 
was strongly expressed in HOS cells, and its expres-
sion was decreased with ART treatment in a dose- 
dependent manner. Immunohistochemical staining of 
survivin gave a similar result in xenograft tumour 
tissues. 

Many anticancer agents regulate the cell cycle in 
G1, S, or G2 phase. We tested whether ART could also 
inhibit cell cycle progression in osteosarcoma cells. In 
contrast to a study by Li et al. (2009), our results in 
HOS cells showed that ART arrested the cell cycle at 
G2/M phase in a dose-dependent manner. The un-
derlying mechanisms will be the focus of further 
investigation.  

In this work, we also evaluated the short-middle 
term antitumour effects of ART by analyzing tumour 
volume in nude mice bearing HOS cells. The toxic 
effects of ART were analyzed by the loss of body 
weight. We gave mice the same doses of ART as the 
study by Li et al. (2009) and gained a similar result. 
For example, the mice were well tolerant and no 

deaths were recorded during the treatment periods. 
Additionally, ART also displayed superior antitu-
mour activity against osteosarcoma in vivo. 

In conclusion, the antitumour effects of ART on 
osteosarcoma cells in vitro and in vivo were investi-
gated. ART inhibited the growth and induced apop-
tosis of HOS cells in a dose- and time-dependent 
manner and the intrinsic apoptotic pathway may be 
involved in the process. In addition, ART also 
dose-dependently induced G2/M cell cycle arrest in 
HOS cells. These results suggest that ART is a prom-
ising candidate drug for the treatment of osteosarcoma, 
and further preclinical trials are warranted. 
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