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Abstract. – OBJECTIVE: Chemoresistance is
the principal reason for poor survival and disease
recurrence in osteosarcoma patients. Survivin, a
family member of the inhibitor of apoptosis pro-
teins, plays an important role in inhibition of
apoptosis. Survivin is expressed in a vast majori-
ty of human cancers, which is often correlated
with poor prognosis in a wide variety of cancer
patients. Furthermore, survivin expression is of-
ten related with chemoresistance in cancer cells,
including osteosarcoma (OS). Here, we evaluated
the therapeutic potential of YM155, a selective
survivin suppressant alone and in combination
with cisplatin using human OS models.

MATERIALS AND METHODS: U-2 OS, SW1353,
MG-63 cells were treated with YM155, and/or cis-
platin, and cell viability, apoptosis, survivin pro-
tein expression levels were then evaluated. Fur-
thermore, the efficacy of YM155 combined with
cisplatin was further examined in established
xenograft models.

RESULTS: YM155 was sufficient to induce
spontaneous apoptosis of OS cells. Combina-
tion with YM155 significantly augmented the cy-
totoxicity of cisplatin in OS cells. Combination
treatment of YM155 and cisplatin showed an-
tiproliferative effects and induced a greater rate
of apoptosis than the sum of the single-treat-
ment rates and promoted tumor regression in
established OS xenograft models.

CONCLUSIONS: Our findings provide evidence
thatYM155 could act as a survivin inhibitor on OS
cells. Chemotherapeutic approaches usingYM155
might enhance the benefit of the cisplatin in the
treatment of OS cells. YM155 could be further de-
veloped as a potential therapeutic agent for the
treatment of OS.

Key Words:
Osteosarcoma, Cisplatin, Chemosensitivity.

Introduction

Osteosarcoma, mainly affecting the long tubular
bones of children and adolescents is the most
common primary malignant tumor of bone1. The
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5-year survival rates of approximately 65% are
obtained in patients with localized disease. How-
ever, when metastatic or recurrent disease is oc-
cured, the 5-year survival rates are reduced to only
20%2. Despite different methods of treatment to
the disease are used, survival outcomes are not op-
timistic, especially for patients with metastatic dis-
ease or poor chemotherapy response. Chemoresis-
tance is the cause of treatment failure. The exis-
tence of intrinsic or acquired chemoresistance is
the principal reason for poor survival and disease
recurrence in osteosarcoma patients3. Unfortunate-
ly, the mechanisms underlying osteosarcoma
chemoresistance remain largely unknown.
Survivin is an inhibitor of apoptosis protein

(IAP). It is overexpressed in many tumors includ-
ing osteosarcoma4-6. Survivin’s primary functions
are to inhibit apoptosis and regulate mitosis,
which are corrected with carcinogenesis7. Studies
have recently found that increased survivin ex-
pression confers cisplatin chemoresistance to OS
cells8,9, and inhibition of survivin alone or in
combination with other approaches has gradually
become as a promising therapeutic strategy in
OS10-12.
YM155, a novel small-molecule inhibitor of

survivin, is the smallest member of IAP gene
family. It could effectively suppress the survivin
activity.It has little effect on expression levels of
other IAP family members or bcl-2 related pro-
teins13. YM155 also suppresses proliferation in a
broad range of human cancer cell lines, induces
tumor regression in non-small cell lung cancer14,
neuroblastomas15, melanoma16,17, aggressive non-
Hodgkin lymphoma18, pancreatic cancer19,
prostate tumor20, breast cancer xenograft mod-
els21 and Wilms tumor22.
In the present study, we investigated the com-

bination effects of cisplatin and YM155 in estab-
lished human OS cell lines in vitro and in vivo in
a subcutaneous and an orthotopic tumor model.
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Our data indicate that YM155 is an effective
treatment approach alone and augments the cis-
platin treatment response in OS cells.

Materials and Methods

Cell Culture
The human osteosarcoma cell lines U-2 OS,

SW1353, MG-63 were obtained from the Ameri-
can Type Culture Collection (ATCC). They were
all routinely cultured in Roswell Park Memorial
Institute-1640 medium (RPMI-1640, Life Tech-
nologies, Inc., Shanghai, China), supplemented
with 10% heat-inactivated fetal bovine serum
(FBS). All cells were cultured in a 5% CO2 hu-
midified atmosphere at 37°C. YM155 was pur-
chased fromAPExBIO (Shanghai, China).

MTT Assay
U-2 OS, SW1353, MG-63 cells were seeded at a

density of 3.0 × 104 per well in 96-well microtiter
culture plates. After overnight incubation, medium
was removed and replaced with fresh medium con-
taining different concentrations of YM155 (0.1-1
µM) for 48 hs. On completion of incubation, via-
bility was assessed after adding 50 µL trypan blue
solution (0.4% in phosphate buffered saline, PBS)
in culture medium. After 1 to 2 min, the number of
dead cells, which retained the dye, was compared
with the total number to calculate the percentage of
viable cells. Cell growth inhibition was also detect-
ed using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. To de-
termine the effect of drug combination, U-2 OS,
SW1353, MG-63 cells were plated onto 96-well
plates. After 48 h treatment with YM155 (0.1-1
µM), cells were treated with diamminedichloro-
platinum (DDP) (0.15-3.0 µM) for 48 hs, cell via-
bilities were measured using MTT assays.

Detection of Apoptosis by ELISA
The cell death detection ELISA kit was used

for assessing apoptosis according to the manu-
facturer’s protocol. Briefly, cells were treated
with YM155 or/and DDP for different periods of
time. After treatment, the cells were lysed and
the cell lysates were overlaid and incubated in
microtiter plate modules coated with anti-histone
antibody for detection of apoptosis.

Western Blot Assay
Cells cultured with YM155 were harvested

and the proteins in total cell extracts were gener-

ated using RIPA buffer supplemented with pro-
tease inhibitors. YM155 treated cells were pre-
pared using protein Extraction Kit according to
the manufacturer’s protocol. Protein samples
were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE);
then, transferred to polyvinylidene fluoride
(PVDF) membrane. Anti-Survivin (Cell Signal-
ing, Denvers, MA, USA) was used as primary
antibodies. An anti- -actin monoclonal antibody
(Sigma, St. Louis, MO, USA) as internal loading
control. Anti- rabbit IgG peroxidase antibodies
(Sigma, St. Louis, MO, USA) were used for sec-
ondary antibody and enhanced chemilumines-
cence (ECL) solution (Santa Cruz Biotechnolo-
gy, Inc., Santa Cruz, CA, USA) was used for de-
tection.

In vivo Tumor Model
All animal experiments were carried out ac-

cording to the Chinese Laws of animal welfare
and were approved by the Ethics Commission of
the Weifang Medical College (N0 10,2014).
Four-week-old female ICR-SCID mice were ob-
tained from Weifang Medical College. Briefly,
the female ICR-SCID mice were injected s.c.
with 106 U-2 OS,SW1353 or MG-63 cells in 100
µL of PBS at a single dorsal site. When the tu-
mors reached a size of about 50-100 mm3 (10-15
days after transplantation), mice were treated
with YM155. Xenografted OS tumors received
10 mg/kg by a weekly administration for 3 weeks
(week 0,1,2). During which, the cisplatin (DDP,
5 mg/kg) was administered i.p at 5 mg/kg once
week for 3 weeks. Tumor volume for the subcu-
taneous experiment was determined 1 times/4
days by direct measurement with calipers [V =
1/2 × (L ×W2)].

Immunohistochemistry
Five-um-thick sections of paraffin-embedded,

formalin-fixed s.c. tumor tissues were stained
with H&E for histological examination. Survivin
detection was performed as the manufacture’s in-
struction.

TUNEL Assay
Apoptosis induction in the tumor was mea-

sured using the TUNEL kits .The TUNEL stain-
ing was performed with an in situ apoptotic cell
detection kit following the manufacturer’s proto-
col. The slides were observed under an Olympus
fluorescence microscope attached to a charge-
coupled device camera (Olympus, Tokyo, Japan).
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Figure 1. Western blot assay for survivin. A, Survivin expression in U-2 OS, SW1353 or MG-63 cells. B, Effect of YM155
on survivin expression in U-2 OS and MG-63 cells.

SW1353 cells (Figure 1A). We, then, examined
the effect of YM155 on Survivin in U-2 OS and
MG-63 cells. U-2 OS and MG-63 cells were
treated with YM155 at concentration of 0.1-1 µM
for 48 hours. Survivin was detected by western
blot assay. The results showed that YM155 inhib-
ited survivin protein (Figure 1B) expression in a
dose and time-dependent way. YM155 did not
have significant effect on survivin in SW1353
cell (data not shown).

Effects of LY2109761 on Cell Growth
Survivin was overexpressed in the U-2 OS and

MG-63 cells. We, then, examined the growth in-
hibitory effects of YM155 using the MTT assay
in U-2 OS and MG-63 cells. The treatment of U-
2 OS and MG-63 cells for 1-3 days with 0.1, 0.5
and 1 µM of YM155 resulted in cell growth inhi-
bition in a dose- and time-dependent manner in
U-2 OS and MG-63 cell lines (Figure 2A-2B).
YM155 did not have significant effect on sur-
vival in SW1353 cell (data not shown). Next, we
examined whether the inhibition of cell growth
was also accompanied by the induction of apop-
tosis induced by YM155. ELISA analysis was
employed to investigate the degree of apoptosis
induced byYM155.

The images were acquired under ×40 objectives
using the Image-Pro software. Apoptotic index
was determined by calculating the average num-
ber of nuclei apoptotic cells in 5 high-power mi-
croscopic fields (×400) selected from a central
region in viable tumor areas, avoiding areas con-
taining necrosis.

Statistical Analysis
All in vivo experiments included at least 10

mice per group. Results consisting of three or
more groups were analyzed using single-factor
ANOVA. Analysis of results containing two
groups was done using the Student’s t-test, as-
suming unequal variance. Values of p < 0.05
were considered statistically significant.

Results

Effects of YM155 on Survivin Expression
We first examined the surviving expression in

U-2 OS, SW1353 or MG-63 cells by western
blot assay. The results showed that surviving was
overexpressed in the U-2 OS and MG-63 cells,
no surviving expression was shown in the
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Effects of YM155 on Cell Apoptosis
U-2 OS and MG-63 cells were treated with

0.1, 0.5 and 1 uM of YM155 for 24-72 hr. After
treatment, the degree of apoptosis was measured
in 2 cell lines. The induction of apoptosis was
found to be dose and time-dependent (Figure 2C-
2D). These results provided convincing data
showing that YM155 could induce apoptosis in
OS cells. YM155 did not have significant effect
on apoptosis in SW1353 cell (data not shown).

Cisplatin Upregulates Survivin
Expression in OS Cells
U-2 OS, SW1353 or MG-63 cells were treated

with cisplatin (0.15-3.0 µM) for 72 hs, survivin
expression was significantly increased in the
SW1353 cells by western blot assay (Figure 3).
Survivin was slightly increased in the U-2 OS
and MG-63 cells (data not shown).

YM155 Enhance the Cytotoxicity
of Cisplatin
In order to evaluate the combinatorial effect

of YM155 with cisplatin, we measured cell via-
bility after treatment of cells with cisplatin and
YM155. Combined treatment of cisplatin and
YM155 significantly reduced cell viability of
(Figure 4A-5C). Similarly, combined treatment
of cisplatin and YM155 also effectively pro-
moted apoptosis of 3 cell lines compared to
single treatment with cisplatin and YM155
(Figure 4D-5F).

Effect of YM155 on OS Growth in vivo
To further determine a role of YM155 in pro-

gression of OS, we did an in vivo animal experi-
ment. We selected MG-63 and SW1353 cells in
the in vivo study. The female ICR-SCID mice
were injected s.c. with 106 MG-63 and SW1353
cells in 100 µL of PBS at a single dorsal site.
When the tumors reached a size of about 50-100
mm3 (10-15 days after transplantation), mice
were treated with YM155. Xenografted OS tu-
mors received 10 mg/kg by a weekly administra-
tion for 3 weeks. During which, the DDP (5
mg/kg) was administered i.p at 5 mg/kg once
week for 3 weeks. We found that MG-63 tumors
administered YM155 alone formed substantially
smaller tumors in nude mice compared with the
untreated controls (Figure 5A), and SW1353 tu-
mors administered YM155 alone showed the
same rapid tumor growth compared with the un-
treated controls(Figure 5B). Cisplatin treatment

Figure 2. Effects of YM155 on cell growth and apoptosis. U-2 OS and MG-63 cells were treated with 0.1, 0.5 and 1 µM of
YM155 for 1-3 days. The growth inhibitory effects of YM155 on cells by MTT assay (A-B). The apoptosis effects of YM155
on cells by ELISA assay (C-D). Vs control; p* < 0.05, **p < 0.01.

Figure 3. Effects of cisplatin on survivin expression in
SW1353 cells by western blot assay.
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alone formed substantially smaller tumor in both
MG-63 (Figure 5A) and SW1353 cells (Figure
5B). Combination with YM155 and cisplatin sig-
nificantly decreased the substantial tumor vol-
ume in both of the MG-63 (Figure 5A) and
SW1353 (Figure 5B) tumors (Figure 5A-B).
We then evaluated the histopathological results

of survivin in response to YM155. We showed
that high survivin expression was found in the
MG-63 tumors, low survivin expression was
found in the SW1353 tumors. Cisplatin treatment
alone significantly increases survivin expression
in the SW1353 tumors. However, treatment with
YM155 significantly inhibited survivin expres-
sion in the two groups cisplatin treated-tumors
(Figure 5C).
The TUNEL assay showed that the combined

treatment with YM155 and cisplatin induced sig-
nificantly increased apoptosis of tumor cells
(Figure 5D). The group receiving combination
therapy showed the highest apoptotic index (p <
0.05). These results suggest that combination of
YM155 and cisplatin significantly reduced cell
proliferation and induced apoptosis in vivo.

Discussion

Chemoresistance is a therapeutic problem that
severely limits successful treatment outcomes for
many human cancers. This is particularly true of
OS, where the development of resistance is a
common occurrence23-25. The past few years have
seen an enormous growth in our understanding of
the mechanisms that regulate drug induced apop-
tosis and, thus, influence chemosensitivity.
Survivin overexpression is a universal event in

cancer cells and is a poor prognostic marker26-29.
Many studies have reported that overexpression
of survivin increased the chemoresistance in can-
cer cells30, and vice versa31. YM155 is the first-
in-class selective small-molecule survivin sup-
pressant. It has reported that YM155 potentiated
chemosensitivity to gemcitabine in pancreatic
cancer cells by suppressing the induction of sur-
vivin19. In neuroblastomas cells, YM155 with cis-
platin induced more intense apoptosis compared
with each single treatment in vivo and in vitro15.
In our study, we found that YM155 treatment

promoted apoptosis in U-2 OS and MG-63 cells

Figure 4. Combination of YM155 with cisplatin efficiently reduces the viability and increases the apoptosis of OS cells. A,
B, and C, U-2 OS,SW1353 or MG-63 cells were treated with 0.1, 0.5 and 1 µM ofYM155 in combination with cisplatin for 48
h then cell viability was determined by MTT assay as described in Materials and Methods. D, E, and F, U-2 OS,SW1353 or
MG-63 cells were treated with 0.1, 0.5 and 1 µM of YM155 in combination with cisplatin for 48 h, cell apoptosis was deter-
mined by ELISA assay as described in Materials and Methods. Data are expressed as mean ± SD. Student’s t-test was applied
for statistical analysis for comparison between DDP treatment and combined treatment. Vs YM155 or cisplatin alone,*p <
0.05; **p < 0.01.
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with high surviving expression. No efficency was
founf in the SW1353 cells or tumors with low
surviving expression. Our observation on potenti-
ation of growth inhibition was consistent with the
induction of apoptosis as in OS cells. To support
our in vitro results, an in vivo tumor model was
used to assess the anti-tumor activity of YM155.
Our in vivo results are consistent with in vitro
findings showing that the YM155 treatment was
an effective agent for OS.
Many studies on clinical specimens have shown

that survivin expression is associated with resis-
tance to chemotherapy or radiation therapy8-9), and

linked to poor prognosis26-29, suggesting that can-
cer cells survive with survivin. It is tempting to
speculate that survivin plays a fundamental role in
the development of drug resistance in OS. In the
current study, the anticancer drug cisplatin upregu-
lates survivin signals in OS cells, which suggested
that survivin signals was associated with the ac-
quired cisplatin drug resistance in the OS cells. It
is also associated with the endogenous drug resis-
tance in the OS cells. In this study, we observed
that YM155 combined with cisplatin is much
more superior than the single agents in vitro. Our
in vivo results are consistent with in vitro findings.

Figure 5. Combination of YM155 and cisplatin on tumorigenicity in nude mice. MG-63 and SW1353 cells were injected into
nude mice, as described in Materials and methods. Tumor volume was determined every 3 days for 21 days. At the end of the
experiment, animals were sacrificed and tumors were excised for volume measurement and histological study. A, Growth curve
of tumor xenografts in MG-63 and SW1353 cells; *p < 0.01, compared to the YM155 or cisplatin alone. B, The resected tu-
mors were stained with antibodies against Survivin. Representative images of the staining are shown. C, The resected tumors
were stained with TUNEL. (× 200).



Conclusions

The inhibition of survivin signals by YM155
could be useful for potentiating the anti-tumor
activity of cisplatin in vitro, which appears to be
responsible for the observed better anti-tumor ac-
tivity in vivo. Combination of YM155 and cis-
platin could be a promising approach for the
treatment of human OS.
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