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ABSTRACT 
 

Osteosarcoma is the most common malignant bone tumor in children and young adults, and it has a survival 
rate of only 60% with current cytotoxic chemotherapy combined with aggressive surgery. The aim of this study 
was to evaluate the therapeutic efficacy of the berbamine derivative 2-methylbenzoyl berbamine (BBD24) for 
osteosarcoma in vitro and in vivo. We used human osteosarcoma cell lines, primary osteosarcoma cells and 
mouse models to evaluate the inhibitory effects of BBD24 on osteosarcoma and to determine the molecular 
mechanism. Our results showed that BBD24 inhibited the growth of the human osteosarcoma cell lines HOS 
and MG63 in a time- and dose-dependent manner. BBD24 also exhibited significant inhibitory effects on 
primary osteosarcoma cells. In contrast, BBD24 did not affect normal blood cells under the same conditions. 
Treatment with BBD24 induced apoptosis, necrosis and autophagy in osteosarcoma cells. Western blot analysis 
revealed that BBD24 activated the caspase-dependent pathway and downregulated the NF-kB, AKT, and ERK 
pathways. Finally, BBD24 treatment induced a significant inhibitory effect on the growth of osteosarcoma in 
nude mice. Our findings indicate that BBD24 is a multitarget inhibitor and may represent a new type of 
anticancer agent for osteosarcoma treatment. 
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INTRODUCTION 
 

Osteosarcoma (OS) is the most common malignant 

bone tumor that predominantly develops in 

adolescents and young adults [1]. Even after 

aggressive chemotherapy and wide excision of 

tumors, 30–50% of patients with initially localized 

disease subsequently developed recurrence, which 

has an extremely poor clinical outcome. Moreover, 

20–30% of newly diagnosed patients present with 

metastatic disease [2, 3]. In addition, patients with 

metastatic disease and/or relapsed disease show 

extremely poor survival outcomes [4]. Cisplatin is a 

standard OS therapy agent that induces OS cell 

apoptosis; however, changes in the mechanisms that 

control cell death contribute to resistance to 

chemotherapy [5, 6]. Recently, increasing evidence 

has indicated that a number of signaling networks 

play critical roles in the drug resistance or relapse of 

OS, including constitutive activation of NF-κB [7–9], 

ras/ERK [10–12], and PI3K/AKT [13–15] pathways. 

The metastasis and chemoresistance of OS remain the 

two main challenges in OS treatment, and it is 

necessary to improve the curative treatment of OS by 

identifying novel agents that can disable multiple 

cancer cell networks and trigger multiple cell death 

pathways. 

 

Chinese herbal medicines not only play important 

roles in the discovery and development of drugs but 

also serve as molecular probes for identifying 

therapeutic targets. According to a report [16], 

approximately 70% of all drugs used today for the 

treatment of cancer are derived from or based on 

natural products. Arsenic trioxide, homohar-

ringtonine and triptolide are three famous examples 

[17–19]. Berbamine (BBM) is a structurally unique 

bisbenzylisoquinoline that was isolated from 

traditional Chinese medicine Berberis amurensis and 

has been used in traditional Chinese medicine for 

treating a variety of diseases from inflammation to 

tumors for many years [20–22]. Berbamine and its 

derivatives have been shown to have potent anti-

inflammatory [23, 24] and antitumor activities in 

diseases including osteosarcoma [25–27]. We 

previously demonstrated that a new berbamine 

derivative (2-methylbenzoyl berbamine, BBD24) 

potently inhibited the growth of imatinib (IM)-

resistant chronic myeloid leukemia (CML) cells but 

not normal hematopoietic cells [28, 29]. However, 

little is known about the effects of BBD24 on 

osteosarcoma. To answer this question, the present 

study used in vitro and in vivo models to  

investigate the potential proapoptosis,  

antimigration and anti-invasion effects of BBD24 in 

OS cells. 

RESULTS 
 

BBD24 inhibited the proliferation of osteosarcoma 

cell lines and primary tumor cells in vitro 
 

We first sought to determine whether BBD24 

suppressed the proliferation of human osteosarcoma cell 

lines in vitro. Two human osteosarcoma cell lines, HOS 

and MG63, were treated with BBD24 at various 

concentrations. Cell viability was measured using the 

MTT assay at 24, 48 and 72 hours. The concentration 

that inhibited 50% of target cells (IC50) was calculated 

from dose-response curves. To investigate the 

superiority of BBD24 in the fight against OS, we also 

measured the IC50 of BBM in HOS and MG63 cells. As 

shown in Figure 1, the proliferation of HOS and MG63 

cells was greatly inhibited by BBD24 in a time- and 

dose-dependent manner. The IC50 values for HOS cells 

treated with BBD24 for 24, 48, and 72 hours were 3.88 

µg/ml, 2.19 µg/ml and 1.79 µg/ml, respectively (Figure 

1A). Similarly, the IC50 values for MG63 cells treated 

with BBD24 for 24, 48, and 72 hours were 3.99 µg/ml, 

2.27 µg/ml and 1.90 µg/ml, respectively (Figure 1B). 

These results suggested that BBD24 had potent 

antitumor activity against osteosarcoma cell lines, 

which led us to further investigate whether this 

compound was also active against primary 

osteosarcoma cells. Primary osteosarcoma cells were 

treated with BBD24 at various concentrations for 48 

hours. Cell viability was measured by MTT assay, and 

IC50 values were calculated. As expected, BBD24 also 

significantly suppressed the proliferation of primary 

tumor cells from all 8 osteosarcoma specimens. The 

IC50 values of BBD24 in the 8 primary tumor specimens 

ranged from 1.18 μg/ml to 2.17 μg/ml (Figure 1A). In 

contrast, BBD24 did not affect normal blood cells under 

the same conditions, and their IC50 values ranged from 

8.60 μg/ml to 9.75 μg/ml (n=4) (Figure 1A). These 

results suggested that BBD24 selectively suppressed the 

proliferation of tumor cells from both osteosarcoma cell 

lines and fresh primary tumor specimens but spared 

normal blood cells. The prototype drug BBM was also 

effective in suppressing OS cell proliferation (Figure 1). 

However, compared with BBD24, the IC50
 values of 

BBM for OS cell lines and primary OS cells were both 

higher, while the toxicity was similar. Our results 

indicated that BBD24 was more effective and safer than 

BBM. 

 

Effect of BBD24 on NF-κB, ERK and AKT signaling 

networks 
 

To further study the mechanism of BBD24 in OS, we 

investigated whether BBD24 affects the NF-κB and 

AKT signaling pathways in human OS cells. HOS cells 

were treated with BBD24 at various concentrations for 
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48 hours and then collected for analysis of nuclear and 

total NF-κB p65 protein levels using western blot. We 

found that treating OS cells with BBD24 caused a 

significant decrease in nuclear NF-κB p65 protein 

expression in a dose-dependent manner, but total NF-

κBp65 protein expression was not changed substantially 

(Figure 2A–2C). These results indicated that BBD24 

downregulated the NF-κB signaling network by 

blocking the cytoplasmic-to-nuclear translocation of 

NF-κB p65 in tumor cells. We next assessed the effect 

of BBD24 on ERK and AKT activation in human OS 

cells. HOS cells were treated with BBD24 at various 

concentrations for 48 hours, and total cellular proteins 

were extracted for western blotting analysis of total and 

phosphorylated ERK and AKT. The western blot results 

showed that BBD24 treatment caused a significant 

decrease in phosphorylated ERK and AKT protein 

levels in tumor cells in a dose-dependent manner but 

did not affect total ERK and AKT protein levels (Figure 

2A, 2D, 2E). These results indicated that BBD24 

treatment inhibited the activation of both the ERK and 

AKT signaling pathways. 

 

BBD24 induced OS cell apoptosis and autophagy 
 

To establish a link between the above cancer-associated 

signaling networks and cell death pathways, we further 

examined OS cell death-related proteins after 

 

 
 

Figure 1. Effects of BBD24 on proliferation of human osteosarcoma cells and normal blood cells. Cells were treated with BBD24 
at indicated concentrations for indicated times. Cell viability was measured by MTT assay. (A) IC50 of BBD24 and BBM on human 
osteosarcoma cells and normal blood cells (peripheral blood mononuclear cells, MBMNCs). (B, C) Cell viability of HOS and MG63 after 
treating with different concentrations of BBD24 and BBM for different times. 
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treatment with BBD24. HOS cells were treated with 

BBD24 at 2 μg/ml for 0, 12, 24, and 48 hours and then 

collected for analysis of cell viability, apoptosis and 

necrosis using flow cytometry (FCM). We found that 

BBD24 treatment markedly reduced the viability of 

HOS cells in a time-dependent manner, and we 

observed a significantly increased apoptosis rate (Figure 

3A). Notably, we also found that HOS cells treated with 

BBD24 for 48 hours displayed greatly increased 

necrosis (Figure 3A–3C). Western blot analysis 

provided more information. BBD24 induced Bax 

overexpression in HOS cells (Figure 3D, 3E). In 

addition, cleaved caspase-3, cleaved caspase-8 and 

cleaved caspase-9 were significantly upregulated in 

BBD24-treated OS cells (Figure 3D, 3F–3H). To 

determine whether autophagy was also involved in 

BBD24-induced cell death, we subsequently evaluated 

the expression level of LC-3I/II in HOS cells after 

treatment with BBD24 for 48 hours. Interestingly, we 

also observed a marked increase in LC3 II after BBD24 

treatment at ≥ 0.5 μg/ml for 48 h (Figure 3D, 3I). These 

results indicated that apoptosis pathways were mainly 

activated along with necrosis and autophagic death 

pathways in osteosarcoma cells after treatment with 

BBD24. These findings suggested that BBD24 exerted 

its antitumor actions by triggering multiple death 

pathways. 

 

BBD24 suppressed OS cell migration and invasion 
 

MG63 and HOS cells (1×105) were seeded on a 

Transwell insert to assess migratory and invasive 

abilities. After treatment with different concentrations 

of BBD24, the migration and invasion of OS cells were 

reduced in a dose-dependent manner (Figure 4). 

Particularly in the 2 μg/ml group, both the migration 

and invasion of OS cells were almost completely 

suppressed (Figure 4). 

 

BBD24 inhibited the growth and increased the 

cisplatin sensitivity of OS cells in vitro and in vivo 
 

HOS cells were treated with different concentrations of 

BBD24, cisplatin or both for 72 h, and the MTT assay

 

 
 

Figure 2. BBD24 down-regulated NF-κB, ERK and AKT signaling pathways of HOS cells. The cells were treated with BBD24 at 
indicated concentrations for 48 hours, and then nuclear and cytoplasmic proteins were extracted for western blot analysis. β-actin and 
histone 1 were used as cytoplasmic and nuclear loading controls, respectively. (A–E) BBD24 treatment reduced nuclear NF-κB p65 protein 
level, and inhibited activation of ERK and AKT of HOS cells in dose-dependent manners. Results were expressed as means ± SD of three 
independent experiments. * P<0.05. 
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was used to measure cell viability. We found that both 

BBD24 and cisplatin alone inhibited the viability of 

HOS cells, while combining cisplatin with 2 μg/ml 

BBD24 significantly increased the cisplatin sensitivity 

of HOS cells (Figure 5A–5D). We further applied 

additional concentrations of BBD24. The results 

showed that cisplatin combined with 2 μg/ml BBD24 

achieved better results than 1 μg/ml BBD24 combined 

with less than half the dose of cisplatin (Figure 5E, 5F).

To determine whether BBD24 could inhibit 

osteosarcoma in vivo, we treated nude mice with 

BBD24 and/or cisplatin for 20 consecutive days. We 

found that tumor volume was significantly reduced after 

treatment with BBD24 and/or cisplatin, while cisplatin 

combined with BBD24 achieved the best result (Figure 

6A, 6B). Immunohistochemical staining showed similar 

results; both BBD24 and cisplatin induced cleaved 

caspase-3 expression, while the BBD24+cisplatin group 

 

 
 

Figure 3. BBD24 induced multiple cell death pathways of HOS cells. Human osteosarcoma HOS cells were treated with BBD24 at 2 
μg/ml for indicated times. The cells were harvested by trypsinization and collected by centrifugation for analysis of cell viability, apoptosis 
and necrosis using flow cytometry assay. HOS osteosarcoma cells were treated with BBD24 at the indicated concentrations for 48 hours, 
followed by Western blot analysis for caspase family and LC3-II. (A–C) Flow cytometry assay indicated that BBD24 induced apoptosis and 
necrosis of HOS cells with time dependence. (D–I) BBD24 promoted activation of caspases and autophagy in HOS cells in a dose-dependent 
manner. Results were expressed as means ± SD of three independent experiments. * P<0.05. 
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had the highest rate of positive staining (Figure 6C, 

6D). Ki-67 and PNCA expression was also inhibited in 

the BBD24 and cisplatin groups, and BBD24+cisplatin 

further inhibited Ki-67 and PCNA staining compared to 

that with BBD24 or cisplatin alone (Figure 6C, 6E, 6F). 

When comparing BBD24 with cisplatin, BBD24 was 

more effective in inhibiting tumor growth and PCNA 

expression (Figure 6A, 6C, 6F). BBD24 also induced 

more cleaved caspase-3 expression than cisplatin 

 (Figure 6C, 6D). Taken together, our results indicated 

that BBD24 was able to improve the cisplatin sensitivity 

of OS in vitro and in vivo. 

 

DISCUSSION 
 

Although a large number of studies from basic research 

to oncogenes have accumulated, the prognosis of, 

osteosarcoma is still poor. Most patients develop

 

 
 

Figure 4. BBD24 suppressed OS cells migration and invasion. 1×105 MG63 and HOS cells were seeded on a transwell insert, then 
treating with different concentrations of BBD24. (A–C) BBD24 reduced the migration and invasion of MG63 and HOS cells in a dose 
dependent manner. Results were expressed as means ± SD of three independent experiments. * P<0.05.  
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chemoresistance and metastasis, and approximately 

80% of these patients die [31–33]. In the present study 

we demonstrated for the first time that BBD24, a novel 

derivative of the natural product berbamine, exhibited 

significant antitumor activity against human 

osteosarcoma. Our in vitro and in vivo experiments 

found that BBD24 was active against not only various 

human osteosarcoma cell lines but also primary tumor 

cells from patients with osteosarcoma. These data 

indicated that BBD24 was an effective anticancer agent 

against human osteosarcoma without obvious toxicity. 

 

BBM and its derivatives were reported to have multiple 

targets in treating different cancers. These targets 

include STAT3 [34], smad3 [35], NF-κB [36], Wnt/β-

catenin [26] and MEK/ERK [37]. Our previous study 

reported that CAMKIIγ was a target of BBM in CML 

[38]. How does BBD24 exert an anticancer effect on 

OS? In our study, we further found that BBD24 

influenced multiple cancer-associated signaling 

networks, such as NF-κB, ERK1/2 and AKT. Nuclear 

factor-kappa B (NF-κB) has a pivotal role in the 

progression and distant metastasis of cancers, including 

malignant bone tumors [7–9]. The development of 

chemotherapy resistance and evasion from apoptosis in 

osteosarcoma is often correlated with constitutive 

nuclear NF-κB activation [9]. The RelA (p65) nuclear 

NF-κB subunit contributes to tumor cell survival by 

 

 
 

Figure 5. BBD24 improved cisplatin sensitivity in vitro. HOS cells were treated with BBD24 and/or cisplatin for 72h, then MTT 
assay was used to measure the cell viability. (A, B) HOS cells were treated with different concentrations of BBD24 or cisplatin. (C) HOS 
cells were treated with BBD24 (2 μg/ml) and/or cisplatin (1 μg/ml). (D) Cell viability of HOS in cisplatin group and cisplatin+BBD24 group.  
(E, F) IC50 of BBD24, cisplatin, cisplatin+BBD24 (1 μg/ml) and cisplatin+BBD24 (2 μg/ml). Results were expressed as means ± SD of three 
independent experiments. * P<0.05.  
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inducing the expression of a variety of antiapoptotic 

genes [9]. Extracellular regulated kinases (ERKs)-1 

and -2 are members of the MAPK family of protein 

kinases involved in the proliferation, differentiation 

and apoptosis of bone cells [11, 12]. Bcl-2 is an 

integral outer mitochondrial membrane protein that 

blocks apoptotic death. One review [39] reported that 

Bcl-2 might be a new molecule in osteosarcoma 

targeted therapy, and Bcl-2 was markedly 

downregulated in cisplatin-treated Barkor-transfected 

Saos-2 cells in a dose-dependent manner [40]. 

Caspase-3 is a member of the caspase family, and 

sequential activation of caspases plays a key role in 

the execution phase of cell apoptosis. A previous 

study reported that caspase-3 was the predominant 

caspase protein in the apoptosis process [41]. In our 

study, Bcl-2, Bax, and cleaved caspase-3 were 

considered to take part in BBD24-induced apoptosis 

of OS cells. 

 

One unique activity of BBD24, which is different from 

known anti-osteosarcoma agents, is its ability to trigger 

multiple cell death pathways by disabling multiple 

cancer-associated signaling networks, such as NF-κB, 

ERK1/2 and AKT. We have demonstrated that 

osteosarcoma cells exhibit at least three cell death 

pathways, including caspase-mediated apoptosis, 

necrosis and autophagic death, after exposure to 

BBD24. The molecular mechanism(s) by which BBD24 

efficiently inhibits the growth of osteosarcoma cells is 

 

 
 

Figure 6. in vivo anti-tumor activity of BBD24. Nude mice were treated with BBD24 and/or cisplatin for 20 consecutive days. 
(A, B) Tumor volumes in control, cisplatin, BBD24 and BBD24+cisplatin groups. (C–F) Immunohistochemical staining of Cleaved-caspase-3, Ki-
67 and PCNA in different groups. Results were expressed as means ± SD of three independent experiments. * P<0.05.  
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not fully understood. Previous studies reported that 

berbamine, the lead compound of BBD24, suppressed 

the expression of multidrug-resistance protein 

(MDR1) and Bcl-2 in K562 leukemia cells [42], 

caused depolarization of the mitochondrial membrane 

and decreased the membrane potential of HepG2 

tumor cells [43]. In this study, we demonstrated that 

BBD24 not only potently blocks cytoplasm-to-

nucleus translocation of NF-κB p65 but also inhibits 

the activation of AKT and ERK signaling pathways, 

indicating that BBD24 is a potent inhibitor of 

multiple cancer-associated signaling pathways. Since 

the NF-κB, AKT and ERK signaling pathways are 

aberrantly activated in osteosarcoma and frequently 

associated with tumor relapse or drug resistance [7–9, 

11, 12, 15], the BBD24-mediated inhibitory effect on 

multiple cancer-associated signaling networks may be 

a potential strategy for combating tumor relapse or 

drug resistance. 

 

As previous studies reported, berbamine and its 

derivatives have been proven to be broad-spectrum 

anticancer drugs against multiple cancers, including 

leukemia, liver cancer and ovarian cancer [26, 28, 

44]. The typical concentrations of berbamine used in 

a previous study varied from 16 to 20 μg/ml, which 

are considerably higher than the concentrations of 

BBD24 used in our study. In fact, BBD24 is not the 

only berbamine derivative reported as an anti-

osteosarcoma agent. Yang and his colleagues 

reported another berbamine derivative (BBMD3) that 

inhibited cell viability and induced apoptosis of OS 

cells by inducing the phosphorylation of JNK [39]. 

This study revealed the therapeutic potential of 

berbamine derivatives against osteosarcoma; 

however, they did not provide safety data [39]. Given 

that current chemotherapy agents frequently exhibit 

inhibitory effects on hematopoiesis, investigating the 

safety of chemotherapeutic agents is important. In 

our study, BBD24 showed no obvious effect on the 

growth of normal blood cells under the same 

conditions, and the therapeutic window was greater 

than 3.79 µg/ml (IC50: 8.60 µg/ml OS cells/2.27 

µg/ml normal cells). 

 

There are still some limitations to this study. More 

studies should be performed to further explore the 

molecular mechanism and to further optimize and 

improve the pharmacological properties of berbamine 

by analyzing the structure-activity relationships. 

 

In conclusion, based on these preclinical findings, its 

oral bioavailability, and a favorable toxicology profile, 

we propose that BBD24 and its analogs have intriguing 

potential as novel antitumor agents against human 

osteosarcoma. 

MATERIALS AND METHODS 
 

Reagents and antibodies 

 

Berbamine (BBM) and BBD24 were obtained from 

Hangzhou Bensheng Pharmaceutics (Hangzhou, China), 

and their chemical structures and formulas are shown in 

Figure 7. The compound was dissolved in dimethyl 

sulfoxide (DMSO) at a concentration of 10 mg/ml. NF-κB 

p65 and histone 1 antibodies were purchased from Santa 

Cruz Biotechnology (Santa Cruz, CA, USA). LC3I/II and 

β-actin antibodies were from Sigma (St Louis, MO, 

USA). Caspase family, AKT, p-AKT, ERK, p-ERK, 

PCNA and Ki-67 antibodies were purchased from Cell 

Signaling Technology. The annexin V-FITC/PI apoptosis 

detection kit was from BD Biosciences. 

 

 
 

Figure 7. Chemical structure and formula of BBD24. 

 

Human osteosarcoma cell lines and culture 

 

Two human osteosarcoma cell lines, MNNG/HOS and 

MG63, which were provided by Cancer Institute 

Zhejiang University, were used in this study. OS cells 

were grown in DMEM supplemented with 10% FBS at 

37°C in a 95% air, 5% CO2 humidified incubator. All 

cell lines were used within 20 passages. 

 

Primary osteosarcoma cells and normal hematopoietic 

cells 
 

Institutional Review Board (IRB) approval was given 

by the Ethical Committee of the Second Affiliated 

Hospital, Zhejiang University School of Medicine 

(Approval number: 2017-043). Primary osteosarcoma 

specimens were obtained from patients who had given 

informed consent. Normal blood cells were also 

obtained from the peripheral blood of healthy volunteer 

donors. Mononuclear cells were isolated from the 

samples using Ficoll-Plaque density gradient separation. 
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Primary osteosarcoma cells were cultured in DMEM 

with 10% FBS, and normal blood cells were cultured in 

RPMI-1640 medium with 10% FBS at 37°C in a 95% 

air, 5% CO2 humidified incubator. All primary cells 

were used within 5 passages. 

 

Cell viability determination 
 

For the cell viability assay, different OS cells and blood 

cells were seeded at a density of 1×104 cells/ml. Cells 

were incubated with different concentrations of BBD24 

and/or cisplatin for 72 h. Cell viability was measured by 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo 

lium bromide). 

 

Flow cytometry analysis 
 

HOS cells were treated with 2 μg/ml BBD24 for 12, 24 

or 48 h. Following compound treatment, the cells were 

harvested by trypsin, washed with PBS, and resuspended 

in 1× annexin-binding buffer. Cells were stained with 

annexin V-FITC and propidium iodide (Becton-

Dickinson Company, USA). Five microliters of annexin-

V-fluorescein isothiocyanate and 5 μL of propidium 

iodide were added to the buffer and incubated for 15 min 

in the dark. After that, flow cytometry analysis was 

performed to detect apoptotic and necrotic cells. In the 

flow cytometry image, the lower right quadrant 

represents apoptotic cells, and the upper left and upper 

right quadrants signify necrotic cells. We compared the 

apoptosis rate and necrosis rate between groups. 

 

Western blot analysis 
 

HOS cells were treated with different concentrations of 

BBD24 for 48 h. After treatment, cellular protein was 

extracted using Mammalian Protein Extraction Reagent. 

The protein concentration was quantified using a BCA 

Protein Assay Kit (Thermo Scientific, USA). 

Nucleoprotein was used to assess the expression of 

nuclear p65 and histone 1. Total protein was used to 

assess the expression of total p65, p-ERK, ERK, p-

AKT, AKT, Bcl-2, Bax, caspases, LC3I/II and β-actin. 

Cell homogenates were loaded into SDS-PAGE gels 

with concentrations ranging from 4% to 15%, separated 

by electrophoresis and transferred onto polyvinylidene 

fluoride (PVDF) membranes. The membranes were 

blocked with 5% fat-free milk at room temperature for 1 

h and subsequently incubated overnight at 4°C with 

primary antibodies. Then, the membranes were washed 

with TBST three times and then exposed to appropriate 

secondary antibodies that were conjugated with IRDye 

800CW at room temperature for 1 h. An Odyssey 

infrared imaging system (LI-COR) was used to detect 

the positive bands. β-Actin and histone 1 were used as 

cytoplasmic and nuclear loading controls, respectively. 

Migration and invasion assays 
 

OS cells (1×105) were seeded on a polycarbonate 

membrane insert with or without Matrigel coating (6.5 

mm in diameter with 8.0 μm pores) in a Transwell 

apparatus (Costar, Cambridge, MA). DMEM 

containing 10% FBS was added to the lower chamber, 

while DMEM containing 0.2% BSA was added to the 

upper chamber. After incubation for 12 h at 37°C, the 

insert was washed with PBS, and cells on the top 

surface of the insert were removed by wiping with a 

cotton swab. Cells that migrated to the bottom surface 

of the insert were fixed with 4% paraformaldehyde 

and stained with 0.1% crystal violet. Cells were 

counted by using a microscope (Nikon Eclipse 80i; 

Nikon, Tokyo, Japan) and NIS-Elements D 4.50 

(Nikon Instruments, Tokyo, Japan) at 200× 

magnification. 

 

Animal model and treatment 

 

The animal model of osteosarcoma was generated as 

reported previously [30]. Four-week-old female nude 

mice (BALB/c, nu/nu; SIPPR-BK Laboratory Animal 

Co., Ltd., Shanghai, China) were housed under 

pathogen-free conditions at 26–28°C with 50–65% 

humidity. All animal experiments were approved by the 

Animal Ethics Committee of Shanghai Ninth People’s 

Hospital, Shanghai Jiao Tong University School of 

Medicine (A-2016-017). HOS cells were harvested, 

counted, and resuspended in PBS to a final 

concentration of 2 × 107 cells/mL. The animals were 

anesthetized with 3.5% pentobarbital, and then 1 × 106 

HOS cells in 50 μL of PBS were injected into the 

proximal tibia of mice using a 25-gauge needle. After 

24 hours, mice were randomly assigned to 4 groups 

(control group, cisplatin group, BBD24 group and 

BBD24+cisplatin group). BBD24 was administered 

orally at a dose of 5 mg/kg twice a day for 20 

consecutive days. Cisplatin was intraperitoneally 

injected twice a week at a dose of 15 mg/kg for 20 

consecutive days. The mice in the control group were 

given equal volumes of water. Tumor weight was 

measured at the end of the experiments. The tumor 

volumes were calculated using the formula: 

volume=0.2618×L×W×(L+W), where W and L 

represent the average width and length of the tumor, 

respectively [6]. 

 

Immunohistochemistry 
 

At the end of the experiments, the mice were  

sacrificed. Tumor samples were isolated from each 

mouse and fixed in 4% paraformaldehyde and then 

immunohistochemically stained for cleaved caspase-3, 

PCNA and Ki-67 as described previously [6]. 
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Statistical analysis  
 

The results are expressed as the mean ± S.D. 

Differences were evaluated by one-way analysis of 

variance (ANOVA), followed by Duncan’s post hoc test 

using SPSS 21.0 (IBM, Inc.), and P values less than 

0.05 were considered statistically significant. 
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