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Abstract. ABT-737 is a BH-3 mimetic that inhibits Bcl-2 
and induces apoptosis of cancer cells, which has potential for 
anticancer therapies. Studies have shown that Bcl-2 expression 
in human osteosarcoma (OS) cells plays a significant role in 
tumor progression; however, its effects on OS cell apoptosis 
are still unknown. Therefore, we examined whether ABT-737 
was effective in eliminating human U-2OS cells, either alone 
or in combination with the chemotherapy drug cisplatin 
[cis-diamminedichloroplatinum (II); DDP]. Furthermore, we 
studied the molecular mechanisms of ABT-737 in combination 
with DDP to induce apoptosis. To analyze the role of ABT-737 
and/or DDP on osteosarcoma progression, CCK-8 viability 
assay, flow cytometry, Hoechst 33258 staining, and western 
blots were performed. Combined use of ABT-737 and DDP 
synergistically suppressed cell viability and induced apoptosis 
in human U-2OS cells when compared with either compound 
treated alone at low doses. We found that the combination 
of ABT-737 and DDP upregulated the expression of the pro-
apoptotic protein Bax and downregulated the expression of 
the pro-survival protein Bcl-2, resulting in a change in the 
Bax/Bcl-2 ratio, release of cytochrome c, and activation of the 
mitochondrial apoptotic pathway, which resulted in caspase-9 
and caspase-3 activation and PARP cleavage. Our results 
demonstrated that ABT-737 alone has a nominal influence on 
human U-2OS cells when treated within the clinically admin-
istered range, but when combined with DDP, it can inhibit the 

proliferation of human U-2OS cells by inducing apoptosis via 
the mitochondrial apoptotic pathway.

Introduction

Osteosarcoma (OS), a cancer more precarious in males, occurs 
during childhood and adolescence (1,2), with a rate of inci-
dence of 8.7 per million individuals. The cancer usually occurs 
in a growing long bone (3), such as the humerus (10%), the 
distal femur (43%), or the proximal tibia (23%). Despite trying 
to improve results through higher doses, novel therapeutic 
targets, and new modalities of osteosarcoma therapy, the 
overall survival rates for osteosarcoma have not significantly 
improved over the past three decades (4). With the emergence 
of neoadjuvant chemotherapy prior to surgery, the 5-year 
survival rate following surgical resection of the osteosarcoma 
and chemotherapy have improved less than 20% overall since 
1970, from 65% to only 70% (5,6). One key reason could be 
that osteosarcoma is among the tumors most resistant to all 
traditional chemotherapeutic agents. Our research was aimed 
at discovering more efficient agents and reducing the resis-
tance of cancer cells to chemotherapy.

ABT-737 is a BH-3 mimetic that interacts and inhibits 
Bcl-2, and has been previously shown to be an inducer of cancer 
cell apoptosis (7,8). This mimetic can inhibit the anti-apoptotic 
Bcl-2 family of proteins (i.e., Bcl-xL, Bcl-2, and Bcl-w), but has 
a lower effect on Mcl-1 proteins (9,10). Previous research has 
demonstrated that ABT-737 has a potent single-agent activity 
or can act synergistically with other chemotherapeutic drugs 
against various types of hematological malignancies and 
solid tumors, such as melanoma cells, glioma cells (11), acute 
myeloid leukemia, chronic lymphocytic leukemia, malig-
nant lymphomas, multiple myelomas, acute lymphoblastic 
leukemia, and on solid tumors (12). Studies have identified that 
Bcl-2 expression in human OS cells plays a significant role in 
Bcl-2-mediated tumor progression (13). Therefore, we assessed 
the action of ABT-737 for OS treatment. To our knowledge, 
this is the first study that uses ABT-737 for OS treatment.

In the 1960s and 1970s, cisplatin (cis-diamminedichloro-
platinum (II); DDP) was discovered to eliminate and regress 
tumors on a wide spectrum (14). Neoadjuvant chemotherapy 
with DDP is one of the first-line anticancer treatments and 
is used as a general chemotherapy in clinical treatment to 
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eliminate or regress possible microscopic metastases (15,16). 
DDP inhibits the anti-apoptotic Bcl-2 family of proteins Bcl-2 
and Mcl-1, whereas ABT-737 inhibits the anti-apoptotic Bcl-2 
family of protein Bcl-xL, Bcl-2, and Bcl-w, while having less 
effect on Mcl-1. Previous research shows that high levels of 
Mcl-1 confers resistance to ABT-737 (17), thus, we hypoth-
esized that ABT-737 can act synergistically with DDP and 
tested the action of ABT-737 to enhance the activity of DDP 
on OS cells. Moreover, DDP has the risk of severe side effects 
and unpredictable efficacy, so it was imperative to develop less 
toxic and more effective approaches (18).

Studies from other groups indicate that the mitochondrial 
apoptotic pathway may be involved in the action of ABT-737 
and DDP  (19). Apoptosis is composed of two signaling 
pathways: the extrinsic or death receptor pathway, which is 
regulated by combining extracellular ligands of the tumor 
necrosis factor (TNF) family with death receptors, and the 
intrinsic or mitochondrial pathway, which is controlled by 
proteins of the B-cell lymphoma (Bcl-2) family (i.e., Bcl-xL, 
Bcl-w, Mcl-1, Bax, Bak, Bid, Noxa, Puma, and Bim)  (9). 
Interactions and the balance between pro-survival and pro-
apoptotic members could determine the cell's fate (11). When 
the ratio of Bcl-2 to Bax is reduced, this can cause the sever-
ance of the electrochemical gradient across the mitochondrial 
membranes (20), which influences the mitochondrial outer 
membrane permeabilization (MOMP), subsequently causing 
the release of apoptogenic proteins such as cytochrome c into 
the cytosol. Cytochrome c can bind to Apaf-1 and activate 
caspase-9, which activates the downstream caspases-3 and/or 
caspase-7; this triggers a cascade of caspase activations, which 
in turn results in the cleavage or degradation of several key 
cellular substrates, including PARP, resulting in cell apoptosis.

In this study, in  vitro experiments were conducted to 
confirm the effects of ABT-737 on human U-2OS cells, alone 
or in combination with DDP, and the intracellular molecular 
mechanisms of its actions.

Materials and methods

Materials. Roswell Park Memorial Inst itute-1640 
(RPMI‑1640), fetal bovine serum (FBS), phosphate-buffered 
saline (PBS), and Hoechst 33258 Staining kit were provided 
by KeyGEN Biotech (Nanjing, China). CCK-8 was obtained 
from Solarbio (Beijing, China). Antibodies against Bcl-2, 
Mcl-1, Bax, cytochrome c, caspase-3, caspase-8, caspase-9, 
and PARP were purchased from Abcam (Cambridge, UK). 
Antibodies against β-actin were from Solarbio. Horseradish 
peroxidase (HRP)-conjugated secondary antibodies were 
from Transgen (Beijing, China). The Annexin V-PI/FITC 
Apoptosis Detection Kit was acquired from Becton-Dickinson 
(San Jose, CA, USA). ABT-737 was obtained from Nanjing 
ZeLang Medical Technology Co. Ltd. (Nanjing, China). 
Stock solutions of ABT-737 were prepared by dissolving the 
ABT-737 powder in DMSO to a concentration of 10 mM and 
stored at -80˚C. The working concentrations of ABT-737 were 
prepared by diluting the stock solution in culture medium. The 
final concentration of DMSO in the medium was ≤0.5%.

Cell culture. The human osteosarcoma cell line U-2OS was 
obtained from the Type Culture Collection of the Chinese 

Academy of Sciences (Shanghai, China), and cultured in 
RPMI-1640 supplemented with 10% (v/v) FBS, 100 U/ml 
penicillin, and 100 µg/ml streptomycin. Cells were grown in a 
humidified atmosphere containing 5% CO2 at 37˚C. The cells 
used in this study were subjected to less than 20 passages and 
all cells used in this study were in exponential cell growth.

Cell viability by CCK-8 assay. Cells were cultured in 96-well 
plates at a concentration of 5x104 cells/well. Cell viability was 
determined by the CCK-8 colorimetric assay. Briefly, the cells 
were treated with DDP (0.75, 1.5, 3, 5, 7, 9, 11, or 13 µg/ml), 
ABT-737 (1, 2, 5, 10, 20, 40, or 50 µM), and DDP (0.75, 1.5, 
3, 5, 7, 9, 11, or 13 µg/ml) together with ABT-737 (10 µM) for 
24, 48, or 72 h, whereas the control cells were treated with 
only 0.5% DMSO. After the indicated incubation times, 10 µl 
of CCK-8 was added to the plates and they were incubated at 
37˚C for an additional 1-4 h. Following this, the absorbance 
was measured at 450 nm using an ELISA plate reader (model 
EXL800; BioTek Instruments,. Inc., Winooski, VT, USA).

Hoechst 33258 staining of U-2OS cells. Cells were incubated 
with DDP (4 µg/ml) alone or together with ABT-737 (10 µM) 
for 24 h, harvested, fixed in 4% paraformaldehyde for 30 min 
at 25˚C, washed three times with ice-cold PBS, and stained 
with 10 mg/l of Hoechst 33258 (Sigma) in the dark at room 
temperature (25˚C) for 10 min. Finally, the stained nuclei 
were observed under a fluorescence microscope (Olympus 
x100) with the excitation filter at 350 nm and the emission 
filter at 460 nm.

Analysis of cell apoptosis by the Annexin V-PI/FITC staining 
assay. U-2OS cells were stained with Annexin V-PI/FITC 
(BD  Biosciences, San Jose, CA, USA). U-2OS cells were 
cultured in 24-well plates at a density of 1x105 cells/well. 
Following an overnight incubation, these cells were treated 
with DDP (4 µg/ml) alone or together with ABT-737 (10 µM) 
for 24 h, whereas the control cells were treated with 0.1% 
DMSO. All cells were collected by trypsinization without 
EDTA. After being washed twice with 4˚C PBS, cell pellets 
were suspended in 400 µl of ice-cold 1X binding buffer at a 
density of nearly 1x106 cells/ml, and then incubated with 5 µl 
of Annexin V-PI/FITC for 15 min at room temperature (25˚C) 
in the dark. Samples were analyzed by a flow cytometer within 
1 h after staining.

Western blot analysis. U-2OS cells were cultured in 6-well 
plates at a density of 2x105 cells/well. After treatment with DDP 
(4 µg/ml) alone or in combination with ABT-737 (10 µM) for 
24 h, cells were washed with PBS and lysed in cell lysis buffer. 
Control cells were treated with 0.1% DMSO and harvested 
identically. The lysates were centrifuged at 12,000 x g at 4˚C 
for 10 min. The supernatant was collected and the protein 
concentration was determined by the BCA method. Similar 
amounts of proteins from each treated cell group were loaded 
and run on a 10% SDS-PAGE gel and transferred to polyvi-
nylidene fluoride (PVDF) membranes. The membranes were 
blocked with 5% (w/v) fat-free milk in Tris-buffered saline 
containing 0.05% Tween-20 (TBS-T), followed by incubation 
with a primary antibody overnight at 4˚C. The following day, 
PVDF membranes were washed in TBS-T three times and 
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the membranes were incubated with a horseradish peroxidase 
(HRP)-conjugated secondary antibody. Immunoreactive 
proteins were detected by enhanced chemiluminescence (ECL 
kit; Transgen), followed by exposure to a X-ray film.

Statistics. All data were calculated as means  ±  standard 
deviation (SD) and analyzed by Graphpad Prism 6.0 software. 
Student's t-test or one-way analysis of variance (ANOVA) were 
performed to determine the significance of differences between 
the experimental conditions. All the experiments were repeated 
at least three times. P-values of <0.05 were considered to be 
statistically significant, P<0.05, P<0.01, P<0.001.

Results

Co-treatment with ABT-737 and DDP reduced the viability 
of U-2OS cells. The effects of the treatments on the viability 
of U-2OS cells were determined by CCK-8 viability assay, 
where U-2OS cells were treated with ABT-737 and/or DDP 
for 24, 48, or 72 h (Fig. 1A-E). We found that ABT-737 alone 
only played a very small role in eliminating U-2OS cells 

at the physiological dose (11) (Fig. 1A). The IC50 value was 
50.74±1.86 µM at 24 h. When the cells were treated with DDP 
and ABT-737 together, there were substantial inhibitory effects 
on the human U-2OS cells compared to when DDP was used 
alone in a time- and dose-dependent manner; the IC50 values 
were 2.84±0.83 µg/ml (DDP+ABT-737) and 4.82±0.11 µg/ml 
(DDP) at 24 h, respectively (Fig. 1E and F).

Since ABT-737 alone had a nominal effect on U-2OS cells, 
the cells were treated with DDP (4 µg/ml) alone or combined 
with ABT-737 (10 µM) for 24 h in the following assays.

Induction of morphological changes of U-2OS cells. Untreated 
U-2OS cells grew well, as seen by phase contrast microscopy. 
After 24 h of treatment with DDP alone or in combination with 
ABT-737, cells appeared more broken, necrosed, and detached 
when compared to the control cells, which was consistent 
with the growth inhibition by these treatments. U-2OS cells 
treated with DDP stained with the fluorescent DNA-binding 
dye Hoechst 33258 revealed condensed and fragmented nuclei, 
which is a typical morphological feature of apoptosed cells. In 
contrast, morphological signs of apoptosis were observed with 

Figure 1. Analysis of cell viability. (A) Effects of ABT-737 treatment on the viability of human U-2OS cells. Cells were treated with ABT-737 at different 
concentrations and times, as listed in the axes. (B-D) Effects of DDP treatment at different concentrations alone or in combination with ABT-737 (10 µM) 
on the viability of human U-2OS cells for 24, 48, or 72 h. (E) Dose‑response and time-course effects of DDP (4 µg/ml) treated in combination with ABT-737 
(10 µM) on the viability of human U-2OS cells for 24, 36, or 48 h. Data are presented as means ± SD and a representative experiment is shown for the curves. 
(F) The IC50 values of DDP in U-2OS cells treated with DDP alone and combined with ABT-737 are shown as means ± SD. *P<0.05, **P<0.01, ***P<0.001.
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DDP combined with ABT-737 treatment. The results indicated 
that DDP alone or together with ABT-737 can induce apop-
tosis, where the combination therapy had much clearer results 
(Fig. 2).

Annexin V-PI/FITC staining assay. The rate of cell apop-
tosis was detected by flow cytometry by double labeling 
with Annexin V-PI/FITC. The apoptosis rate in control cells 
was 1.78±0.96%. The rates of apoptosis were increased to 

Figure 2. (A-C) Hoechst 33258 staining of human U-2OS cells. Apoptotic nuclei manifest condensed or fragmented DNA that is brightly stained by 
Hoechst 33258 (24 h). Magnification, x100.

Figure 3. (A) The data shown are the mean ± SD (error bars), *P<0.05, **P<0.01, ***P<0.001. (B) U-2OS cells co-treated with ABT-737 (10 µM) and DDP 
(4 µg/ml) exhibited significantly higher rates of apoptosis (55.2±5.61%) compared to the cells treated with DDP alone (37.3±4.67%).
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22.23±5.91% and 39.82±5.92% following treatment with 
DDP alone or in combination with ABT-737 for 24 h, respec-
tively (Fig. 3).

ABT-737 decreases the expression of anti-apoptotic protein 
Bcl-2, whereas Mcl-1 increases pro-apoptotic proteins Bax 
and cytochrome c. The results of our western blot analyses 
revealed that DDP treatment combined with ABT-737 caused a 
marked increase in the expression level of Bax (Fig. 4) proteins 
and the release of cytochrome c (Fig. 5), whereas it decreased 
the levels of Bcl-2 and Mcl-1 proteins when compared to the 
levels in the DDP alone and control treatments, the value 
of Mcl-1 was >0.05 for the DDP alone condition vs. the 
co-treatment of DDP and ABT-737 (Figs. 4 and 6A). Since 
DDP could induce U-2OS cell apoptosis via the mitochondrial 
apoptotic pathway (19), an increase in cytochrome c level was 
observed, this increase was less than that in the combined 
treatment group (Fig. 5). This demonstrated that co-treatment 
with ABT-737 and DDP activated the mitochondrial apoptotic 
pathway in U-2OS cells via regulating the expression of the 
Bcl-2 family proteins.

Effects of ABT-737 combined with DDP on the expression 
levels of caspase proteins. The caspase cascade reaction is 
one of the most important events in the process of apoptosis 
through the mitochondrial pathway. Therefore, the protein 
expression levels of caspase-9, caspase-8, and caspase-3 were 
assessed by western blot analyses. There was no obvious 
change in caspase-8 expression, however, the expression levels 

Figure 4. (A) Effect of DDP treatment alone or in combination with ABT‑737 treatment on the protein expression levels of caspase-9, caspase-8, Bcl-2 and Bax 
in human U-2OS cells. β-actin was used as the internal loading control. (B) Quantification of the western blot analyses. The data shown are the means ± SD 
(error bars), *P<0.05, **P<0.01, ***P<0.001.

Figure 5. (A) Effect of DDP treatment alone or in combination with ABT‑737 
treatment on the protein expression levels of caspase-3 and cytochrome c 
in human U-2OS cells. β-actin was used as the internal loading control. 
(B) Quantification of the western blot analyses. The data shown are the 
means ± SD (error bars), *P<0.05, **P<0.01, ***P<0.001.
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of pro-caspase-9 and pro-caspase-3 were downregulated in 
the cells treated with DDP alone or combined with ABT-737, 
where the co-treatment condition showed a more notable 
decrease in the protein levels. Additionally, the cleavage of 
PARP, a key cellular substrate, was observed (Figs. 4-6). These 
results indicated that the apoptosis induced by DDP combined 
with ABT-737 treatment involved the caspase cascade and was 
initiated via the mitochondrial pathway.

Discussion

Apoptosis is an innate cellular response designed to eliminate 
abnormal or redundant cells (21); therefore, it is considered 
an important mechanism with which to target cancer cells 
that evade programmed cell death. There is accumulating 
evidence that ABT-737 and drugs with antitumor effects can 
trigger apoptosis in various tumor cells (22). In this study, we 
determined the anticancer effect and associated mechanisms 
of ABT-737 in combination with DDP on human U-2OS cells 
in vitro. CCK-8 viability assay results showed that ABT-737 
alone had little influence on U-2OS cells at the clinically 
administered dose. Previous studies have shown that ABT-737 
has the ability to enhance the efficacy of other drugs (7,19) and 
ABT-737 preferentially inhibits the anti-apoptotic Bcl-2 family 
proteins Bcl-xL, Bcl-2, and Bcl-w, while having a weaker effect 
on Mcl-1. Furthermore, previous research shows that high 
levels of Mcl-1 confer resistance to ABT-737 (17); nevertheless, 
DDP inhibits the anti-apoptotic Bcl-2 family proteins Bcl-2 
and Mcl-1. Therefore, we tried to use DDP and ABT-737 in 
combination therapy to treat OS. We found ABT-737 treatment 

combined with DDP effectively suppressed the proliferation 
of the human U-2OS cell line in a dose- and time-dependent 
manner. Hoechst  33258 staining and Annexin  V-PI/FITC 
staining analyses further revealed that co-treatment with DDP 
and ABT-737 can strongly induce apoptosis in OS cells.

Mitochondrial-mediated apoptosis has two signaling path-
ways for programmed cell death: the death receptor pathway 
and the mitochondrial pathway, which are regulated via 
caspase-9 and caspase-8, respectively (23). Previous research 
has shown that caspases play significant roles in the apoptotic 
cascade  (24,25). In the mitochondrial (intrinsic) pathway, 
members of the Bcl-2 family can regulate apoptosis downstream 
of caspase protein activation. An attenuated ratio of Bcl-2/Bax 
can cause the loss of the electrochemical gradient across the 
mitochondrial membranes, resulting in apoptosis-associated 
MOMP that forms pores in the mitochondrial membrane. 
This leads to the release of many apoptogenic proteins 
from the mitochondrial intermembranous space, including 
cytochrome c, which can further activate caspase-9. Active 
caspase-9 promotes the activity of downstream caspase-3, 
which causes the cleavage or degradation of key cellular 
substrates, including PARP, leading to apoptosis (26-33). In 
the death receptor (extrinsic) pathway, Fas/FasL, which are 
found on the cell surface, activates the death receptor, which 
then activates downstream caspase-8. Active caspase-8 can 
initiate the activity of downstream caspase-3, which causes the 
same cleavage or degradation of key cellular substrates as the 
intrinsic pathway, leading to apoptosis (34-39).

To deduce the apoptotic signaling mechanism by which DDP 
combined with ABT-737 acts on OS cells, the expression levels 

Figure 6. (A) Effect of DDP treatment alone or in combination with ABT-737 treatment on the protein expression levels of Mcl-1 and cleaved PARP in human 
U-2OS cells. β-actin was used as the internal loading control. (B-C) Quantification of the western blot analyses. The data shown are the means ± SD (error 
bars), *P<0.05, **P<0.01, ***P<0.001.
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of Bcl-2 family proteins, caspase-9, caspase-8, caspase-3, 
and PARP were tested in U-2OS cells. The present data 
showed that apoptosis induced by ABT-737 in combination 
with DDP was accompanied by altering the Bax/Bcl-2 ratio, 
and activating caspase-9 and caspase-3, but not caspase-8, 
The P-value of caspase-8 was >0.05 between each condi-
tion (Fig. 4B). On the other hand, the increased cleavage of 
PARP was discovered when ABT-737 and DDP were used 
together. Thus, these findings showed that apoptosis induced 
by ABT-737 in combination with DDP in U-2OS cells was 
activated by the intrinsic pathway.

Overall, we affirmed that ABT-737 alone had nominal 
effects on U-2OS cells, whereas in combination with DDP, it 
upregulated Bax expression and downregulated Bcl-2 expres-
sion in human U-2OS cells. This resulted in the release of 
cytochrome c into cytosol, which further activated caspase-9. 
Furthermore, caspase-9 activated downstream caspase-3, 
which in turn resulted in the cleavage or degradation of several 
key cellular substrates, including PARP, leading to subsequent 
cell death. These results indicated that ABT-737 combined 
with DDP could be a new treatment for OS, while reducing the 
toxicity of DDP treatment alone.

Further studies are required to elucidate whether ABT-737 
can synergize with other chemotherapy drugs, such as doxo-
rubicin and methotrexate. In addition, studies on the in vivo 
effect of ABT-737 combined with DDP on U-2OS xenograft 
tumors in nude mice are currently in progress.
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