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Abstract. In the last 15 years, chemotherapy-based thera-
peutic regimens for the treatment of osteosarcoma have failed 
to demonstrate improved survival rates. Novel approaches, 
including targeted therapy and antiangiogenic therapy, may 
provide new methods for the treatment of osteosarcoma, one 
of the most deadly malignant diseases. In the present study, the 
therapeutic efficacy of an endogenous angiogenesis inhibitor, 
endostatin, was tested in combination with the chemothera-
peutic agent, adriamycin. BALB/c mice, aged 4-6 weeks were 
fed animal chow and had access to water ad  libitum. The 
mice were divided into groups and injected with tumor cells. 
Immunohistochemical staining was performed to identify the 
microvessel density. The TUNEL technique was also used to 
determine the apoptotic index. The combination of endostatin 
and adriamycin produced marked synergistic antitumor activity 
in a mouse osteosarcoma model. These findings provide new 
guidelines for designing future clinical trials and for the appli-
cation of currently available clinical drugs (endostatin has been 
approved for clinical use) in the treatment of osteosarcoma.

Introduction

Osteosarcoma is the most common malignant bone tumor 
affecting children and adolescents (1,2). The survival of 
patients with osteosarcoma has markedly improved from less 
than 20% reported in the 1960s to approximately 65% over 
the past 30 years (3-6), largely as a result of chemotherapeutic 
advances. However, for the past 15 years, the survival rate has 
remained the same in countries including China (7), despite 
continuing advances in surgical techniques and aggressive 
combination chemotherapy (4,8,9). Furthermore, chemo-
therapeutic agents against osteosarcoma have highly toxic 
effects and it appears that the doses of conventional cyto-

toxic agents have been maximally utilized in osteosarcoma 
(4). Second-line therapy for metastatic or recurrent osteo- 
sarcoma continues to present a challenge. Therefore, alter-
native treatment modalities for osteosarcoma should be 
identified and utilized.

One promising emerging therapy involves antiangiogenic 
treatment. This treatment strategy aims to suppress tumor 
growth through the inhibition of tumor angiogenesis (10). 
Findings of studies have shown that when tumors are deprived 
of new blood vessels they remain in a microscopic state of 
dormancy (11). A number of antiangiogenic agents are under 
evaluation in preclinical and clinical trials (12). Endostar™, 
a novel recombinant human endostatin expressed and puri-
fied in Escherichia coli with an additional nine-amino acid 
sequence forming another his-tag structure, was approved by 
the State Food and Drug Administration of China (SFDA) in 
2005 for the treatment of non-small cell lung cancer. Since 
antiangiogenic drugs are directed against developing vascu-
lature, but not tumor cells, they may achieve stable disease, 
as opposed to partial response or complete remission (13). 
Moreover, discontinuation of antiangiogenic therapy may 
allow a tumor to resume growth. Thus, antiangiogenic treat-
ment alone is not suitable for patients with malignant tumors.

Combination cytotoxic agents with antiangiogenic 
compounds may lead to improved antitumor efficacy by 
targeting both tumor and endothelial cell compartments 
(14,15). This use of antiangiogenic agents in combination 
with cytotoxic therapy for solid tumors has been supported 
in numerous in vivo studies (16-18). Strategies combining the 
two agents have not, however, been investigated in nude mice-
bearing human osteosarcoma cells.

In this study, the efficacy of combinations of adriamycin 
and rh-endostatin was assessed in an osteosarcoma nude mouse 
model. The effects of combination therapy were compared 
with those of adriamycin and antiangiogenic agents alone.

Materials and methods

Drugs. Recombinant human endostatin (Endostar™) was 
kindly supplied by Jiangsu Simcere Pharmaceutical R&D 
(Nanjing, Jiangsu, China). Endostar was administered by 
daily intraperitoneal (IP) injections of 2.5, 5.0 or 10 mg/kg 
body weight. The control group received the physiological 
saline (20 mg/kg) daily via IP injection.
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Adriamycin (Pharmacia Italia SPA, Group of Pfizer, 
Italy) was used for chemotherapy, in doses of 2.5 and 5 mg/
kg body weight, and was administered intraperitoneally 
every 4 days. The control group received the same as the 
rh‑endostatin group.

Tumor cell line. Human osteosarcoma cell line OS-732 was 
purchased from the Orthopaedics Graduate School in Beijing 
Ji Shui Tan Hospital and cultured in RPMI-1640 (Solarbio 
Science and Technology, Beijing, China) supplemented with  
10% FCS (Sino-US Lanzhou Biological Engineering, 
Shanghai, China) and 1% glutamine-penicillin-streptomycin. 
The cells were incubated in a humidified atmosphere of 5% 
CO2 at 37˚C. For tumor cell injection, the cells were grown in 
900 cm2 roller bottles.

Animals. Female BALB/c mice, aged 4-6 weeks, were 
purchased from the Institute of Laboratory Animal Sciences, 
Peking Union Medical College. Mice were acclimated, caged 
in groups of five in a barrier care facility, and fed with animal 
chow and water ad libitum. The experiments were carried out 
according to the guidelines of the Animal Welfare Committee 
of Peking University Health Science Center.

Tumor cell transplant. Cells to be xenotransplanted were  
washed in phosphate-buffered saline (PBS) buffer, resus-
pended in serum-free culture medium, counted in a 
hemocytometer and adjusted to a density of 1x107 cells/ml.  
Mice were shaved and the dorsal skin was cleaned with 
ethanol prior to tumor cell injection. A suspension of 2x107 
tumor cells in 0.2 ml RPMI-1640 was injected into the SC 
dorsa of mice at the proximal midline.

Animals with OS-732 osteosarcoma were sacrificed, and 
the skin overlying the tumor was cleaned with Betadine and 
ethanol. In a laminar flow hood, tumor tissue was excised 
under aseptic conditions. A suspension of tumor cells in 0.9% 
saline was made by passage of viable tumor tissue through 
a sieve and a series of sequentially smaller hypodermic 
needles of diameter 22- to 30-gauge. The final concentra-
tion was adjusted to 1x107 cells/ml, and the suspension was 
placed on ice. The injection of tumor cells was performed as 
described above.

Methods. The treatment was initiated 12 days after tumor cell 
injection when the mean tumor volume was 215 mm3. Nude 
mice bearing established OS-732 human osteosarcoma were 
divided into 7 groups of 7, with the exception of the low- 
dose rh‑endostatin group (n=6). The groups received varying 
doses of rh‑endostatin or adriamycin alone as well as combi-
nations of the two agents. For single-agent antiangiogenic 
therapy, the varying doses of rh‑endostatin were high-dose 
(10 mg/kg), middle-dose (5 mg/kg) and low-dose (2.5 mg/kg).  
The single‑agent chemotherapy treatment group received 
5 mg/kg weight of adriamycin. Combination therapies involved  
treatment with middle- or low-dose rh‑endostatin combined 
with adriamycin.

The mice were weighed every 3 days by an investigator 
who did not know the treatment schedule. Tumors were 
weighed and fixed in buffered Formaldehyde-Fresh (Fisher 
Scientific, Fair Lawn, NJ, USA) after the mice were sacrificed.

Histopathologic examination. Small samples (2-3  cm3) of 
tissue were fixed in 10% buffered formalin and embedded in 
paraffin. Paraffin-embedded blocks of tissue were sectioned at 
5 µm, deparaffinized, and stained with hematoxylin and eosin 
(H&E). The slides were examined under a light microscope.

Immunohistochemistry. To identify the microvessel density 
(MVD), immunohistochemical staining was performed using 
monoclonal antibodies to rabbit anti-Fac VIII (intratumoral 
vascular endothelium) (Zymed Laboratories, South San 
Francisco, CA, USA). Briefly, deparaffinized tissue sections 
were incubated with a primary antibodies after being treated 
with 3% hydrogen peroxide and processed for antigen retrieval 
by heating in a microwave oven at 96˚C, in 0.01  M citrate 
buffer pH 6, for 15 min. The reaction products were colorized 
with PV9000 immunohistochemistry (IHC) kit (Zymed Labs) 
and DAB substrate-chromogen kit, resulting in a brown signal. 
Negative controls were carried out with PBS instead of the 
primary antibody. The vessel density was identified according 
to the procedures described by Weidner (19), at low magni-
fication (x40-100). Regions with the highest vessel density 
('hot-spot' regions) were scanned and counted at a magnifica-
tion of x200 (0.738  mm2 field) by an observer who did not 
know the treatment schedule. At least five fields were counted 
in a representative tumor section, and the highest three counts 
were recorded.

Determination of the apoptotic index. The terminal deoxy-
nucleotidyl transferase-mediated deoxyuridine triphosphate 
nick end-labeling (TUNEL) technique served as a marker 
of tumor cell apoptosis and was carried out in accordance 
with the manufacturer's instructions (Roche Diagnostics, 
Penzberg, Germany). In brief, the sections were deparaf-
finized with xylene and incubated with primary antibodies 
after being treated with 3% hydrogen peroxide and processed 
for antigen retrieval by heating in a microwave oven at 96˚C, 
in 0.01 M citrate buffer pH 6.0, for 15 min. End-labeling was 
achieved by catalytically adding residues of digoxygenin-
labeled 11-dUTP and dATP to the 3'-hydroxyl ends of DNA 
with the enzyme TdT. The reaction buffer containing dUTP, 
dATP and TdT was applied for 60 min at 37˚C in a humidi-
fied atmosphere. Negative controls were carried out with 
PBS. The digoxygenin was detected immunohistochemically 
with a digoxygenin-specific peroxidase-conjugated antibody 
(30  min in a humidified atmosphere at room temperature). 
For the color reaction, a DAB substrate-chromogen kit was 
used, resulting in a brown signal. The sections were counter-
stained with hematoxylin. Tumor cells in non‑necrotic tumor 
areas with detectable staining of the nucleus were regarded 
as cells undergoing apoptosis. The apoptotic index (AI) was 
determined as the number of apoptotic tumor cells per section 
divided by the total number of tumor cells per section (20).

Statistical analysis. Statistical analyses were performed using 
SPSS 15.0 software. For differences in tumor weight, MVD 
and AI, as well as ANOVA were used for statistical analysis. 
Results are mean ± SD. The p‑values were two-sided and 
statistical significance was defined as p<0.05.

The antitumor activity of the combination therapy was 
analyzed by the fractional product method as previously 
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described (21). Fractional tumor weight (FTW) relative to 
controls was calculated as the ratio between the mean tumor 
weight of the experimental groups and the mean tumor weight 
of the control group. The expected FTW of the combination 
is the product of the mean FTW of the two agents given as 
single drugs. The ratio was obtained by dividing the expected 
FTW by the observed FTW of the combination. A ratio of >1 
indicates a synergistic effect, and a ratio of <1 indicates a less 
than additive effect.

Results

Animal survival. Since there was no objective simple evalua-
tion system for mice, only descriptive results were employed 
in this study. Nude mice treated with adriamycin alone or in 
combination showed less weight gain than those treated with 
rh‑endostatin alone or those in the control group. One mouse 
died in every group that included treatment with adriamycin 
before the end of the experiment.

Antitumor effect. With the rh-endostatin monotherapy, mice 
treated with any dose exhibited significant tumor inhibition 
compared to the controls (Table I). When compared with each 
other, the varied doses of rh‑endostatin showed no significant 
difference in the monotheraphy groups.

Adriamycin monotherapy. In this pilot experiment, almost 
35% of the mice treated with adriamycin (5 mg/kg) did not 
survive to the end of the experiment due to the toxic response 
to the cytotoxic agent (data not shown). A lower dose, also 
resulting in a significant antitumor effect but with acceptable 
toxicity, was determined. The tumor weight of this group was 
2.58 g with a tumor inhibitory rate of 29.1%.

Combination treatment. Treatment with low-dose rh‑endostatin 
and adriamycin alone resulted in tumor growth inhibition  
at rates of 25.3 and 29.1%, respectively. A combination of low-
dose rh‑endostatin and adriamycin showed greater antitumor 
activity at approximately 42.9%, suggesting a less than addi-
tive effect (Table II). High-dose rh‑endostatin alone showed a 
tumor growth inhibition of 34.1%. However, a combination of 
high-dose rh‑endostatin and adriamycin showed a synergistic 
antitumor effect with a tumor growth inhibition of approxi-
mately 64.8%.

Microvessel density (MVD) counts. As shown in Table III and 
Fig.  1, there was a significant difference (p<0.01) in MVD 
between all treatment groups and the control group (Table III). 
The difference between the low-dose rh‑endostatin combi-
nation treatment and rh‑endostatin monotherapy was not 
significant (p=0.317). The difference between the high-dose  

Figure 1. (A) Tissue stained with hematoxylin and eosin is shown and the nuclear pleomorphism of malignant tumor feature is evident (arrow). (B) Intratumoral 
vascular endothelium cells were stained by rabbit anti-Fac VIII (arrow). Tumor tissue with (D) high-dose rh-endostatin treatment alone showed fewer new 
vascular endothelium cells than the (C) control. (B-D) were counterstained with hematoxylin.
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rh‑endostatin combination treatment and rh‑endostatin mono-
therapy showed marginal significance (p=0.05).

Apoptotic index. The AI was significantly higher in the 
treatment groups compared with the control group, with the 
exception of the low- and middle-dose rh‑endostatin groups 
(Table  IV, Fig.  2A and B). The high-dose rh‑endostatin 
combination treatment showed a significantly higher AI than 
adriamycin alone, which was not found for the low-dose 
rh‑endostatin combination treatment. In addition, apoptotic 

foci were often concentrated within the perivascular areas in 
the combination treatment groups (Fig. 2C and D).

Discussion

Conventional chemotherapy for osteosarcoma usually causes 
side effects such as nausea, hair loss, heart toxicity and 
myelosuppression, and leads to the development of acquired 
resistance to the cytotoxic drug in certain heterogeneous 
survival cells (22). Findings of recent studies have indicated 
that even with intensified chemotherapy of cisplatin and doxo-
rubicin, progression-free and overall survival of osteosarcoma 
patients was not significantly increased compared with 
patients who received conventional chemotherapy (23).

The induction of angiogenesis by malignant cells has been 
shown to play a pivotal role in the process of tumor growth 
(24). In osteosarcoma, the extent of angiogenesis appears to 
be crucial for prognosis and survival (25-27). Inhibition of 
angiogenesis is, therefore, a promising method to arrest tumor 
growth and prevent metastasis. Previous studies have shown 
that activation of angiogenic activity following the resection 
of osteosarcoma tumors increases the progression of pulmo-
nary metastasis (28). Using endostatin-coding plasmid or 
adenovirus encoding endostatin expression vector, results of 
various studies (29,30) have shown that endostatin may inhibit 

Figure 2. Combination treatment of high-dose (B) rh‑endostatin and adriamycin showed more apoptotic tumor cells than the (A) control. (C) and (D) show that 
apoptotic foci were often concentrated within the perivascular areas in the combination treatment groups.

Table I. Tumor weight and tumor inhibition rate of various 
rh‑endostatin treatment groups.

	 Tumor weight	 Tumor inhibition rate (%)
	 (±s) (g)

Control	 3.64±0.75	
Low-dose	 2.72±0.44	 25.3a

Middle-dose	 2.40±0.36	 34.1a

High-dose	 2.34±0.34	 35.7a

ap<0.01.
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osteosarcoma growth in vivo. In this study, for the first time, 
a combination treatment of rh‑endostatin with adriamycin, the 
earliest confirmed effective agent against osteosarcoma, was 
explored in human osteosarcoma in vivo.

Results of the present study show that IP-administered 
rh‑endostatin alone had a significant anti-osteosarcoma effect. 
Furthermore, the addition of rh‑endostatin to chemotherapy 
adriamycin was found to cause synergistic antitumor activity 
compared with chemotherapy alone. Finally, combination 
treatment results showed a significantly higher AI than chemo- 
therapy alone, but without a significantly lower MVD than the 
rh‑endostatin treatment.

In this study, compared with mono-chemotherapeutic 
regimens, the synergistic antitumor effect of combined 
antiangiogenic and chemotherapeutic agents was observed, 
suggesting that the combination was more effective than 
the sum of the effects of the monotherapies. These data, 
therefore, provide validation for the rationale of a combina-
tion strategy, i.e., targeting both tumor and endothelial cells 
to improve the treatment of osteosarcoma. The success of 
the combination therapy may be due to a number of factors. 
First, conventional chemotherapy against osteosarcoma leads 
to episodic application of a cytotoxic drug near the maximum 
tolerated doses, interrupted by a period of rest (31). During 

Table III. MVD of various treatment groups.

	 MVD (±s)	 Control	 LD-RE	 MD-RE	 HD-RE	 Adr	 LD-RE and Adr

Control	 42.4±6.0
LD-REa	 33.7±2.7	 8.7**

MD-REb	 25.0±3.0	 17.4**	 8.7**

HD-REc	 21.0±2.9	 21.3**	 12.6**	 3.9*

Adrd	 38.0±3.1	 4.4**	 -4.3*	 -13.0**	 -16.9**

LD-RE and Adr	 35.7±2.1	 6.7**	 -2.0	 -10.7**	 -14.6**	 1.97
HD-RE and Adr	 21.1±1.5	 21.2**	 12.6**	 3.8	 -0.6	 16.9**	 14.6**

MVD, microvessel density; LD-RE, low-dose rh‑endostatin; MD-RE, middle-dose rh‑endostatin; HD-RE, high-dose rh‑endostatin and Adr, 
adriamycin. *p<0.05 and **p<0.01.

Table IV. AI of various treatment groups.

	 MVD (±s)	 Control	 LD-RE	 MD-RE	 HD-RE	 Adr	 LD-RE and Adr

Control	 1.1±0.1
LD-RE	 1.2±0.2	 0.1
MD-RE	 1.4±0.3	 0.4	 0.2
HD-RE	 1.6±0.2	 0.6**	 0.5*	 0.2
Adr	 2.4±0.2	 1.3**	 1.2**	 0.9**	 0.7**

LD-RE and Adr	 2.2±0.1	 1.2**	 1.0**	 0.8**	 0.6**	 -0.1
HD-RE and Adr	 3.1±0.4	 2.1**	 1.9**	 1.7**	 1.5**	 0.8*	 0.9*

MVD, microvessel density; LD-RE, low-dose rh‑endostatin; MD-RE, middle-dose rh‑endostatin; HD-RE, high-dose rh‑endostatin and Adr, 
adriamycin. *p<0.05 and **p<0.01.

Table II. Combination treatment of rh‑endostatin with adriamycin FTWa relative to controls.

			   Combination treatment	 Ratio
                                                                                                                -------------------------------------------------------------------------------------------------------------
Dose	 Rh-endostatin	 Adriamycin	 Expectedb	 Observedc	 Expected/Observedd

Low-dose	 0.75	 0.71	 0.53	 0.57	 0.93
High-dose	 0.66	 0.71	 0.47	 0.35	 1.34

aFTW, fractional tumor weight (mean tumor weight experimental)/(mean tumor weight control). b(Mean FTW of rh‑endostatin) x (mean 
FTW of the remaining experimental groups). cObserved combination treatment group FTW. dObtained by dividing the expected FTW by the 
observed FTW. A ratio of >1 indicates a synergistic effect, a ratio of <1 indicates a less than additive effect.
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this period, osteosarcoma cells that survive chemotherapy 
may recover and proliferate. However, tumors may remain in 
a microscopic state of dormancy in the presence of the anti-
angiogenic agent (11). Second, although MVD is significantly 
decreased, anti-angiogenic agents tend to increase the perfu-
sion of blood vessels, which in turn improves local anticancer 
drug perfusion (32). If higher adriamycin perfusion were to be 
achieved with an antiangiogenic drug, then the reason for the 
combination treatment group showing a significantly higher AI 
than the chemotherapy group becomes evident. Third, tumor 
vessels are structurally and functionally abnormal, and signifi-
cantly different from normal blood vessels (33). Drug delivery, 
therefore, is impaired by decreased blood flow due to vascular 
abnormalities. Results indicate that antiangiogenic therapies 
may produce a sort of ‘vasculature normalization’ effect and 
improve the delivery of other therapeutics (34).

This study focuses on observing combination treatment 
in vivo. However, it is feasible that rh‑endostatin also affects 
the behavior of osteosarcoma cells. In our previous study (35), 
we reported that rh‑endostatin does not affect the prolifera-
tion of osteosarcoma cells, whether or not this occurs in the  
presence of adriamycin.

In conclusion, rh‑endostatin inhibits the growth of 
osteosarcoma in a mouse model. A combination therapy of 
antiangiogenic and conventional chemotherapy may result in 
synergistic antitumor activity against osteosarcoma. Thus, the 
preclinical evaluation of this combination treatment appears 
highly attractive for clinical research. Subsequently, based on 
these findings, clinical trials are currently underway to deter-
mine the efficacy of this combination strategy.
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