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Synergistic antitumor effect of suberoylanilide
hydroxamic acid and cisplatin in osteosarcoma cells
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Abstract. Cisplatin, as a first-line chemotherapy drug, has been
widely applied for therapy of osteosarcoma. However, its appli-
cation is limited by drug resistance and serious side effects,
including nephrotoxicity and ototoxicity. Suberoylanilide
hydroxamic acid (SAHA) is a newly developed histone deacet-
ylase (HDAC) inhibitor, which is the first Food and Drug
Administration-approved HDAC inhibitor for the treatment
of cutaneous manifestations of T-cell lymphoma. However,
SAHA as a monotherapy was revealed to be limited, particu-
larly in solid tumors. In the present study, 143B osteosarcoma
cells were treated with multiple concentrations of SAHA or
cisplatin, either alone or combined. The morphological char-
acteristics of the treated cells were observed using an inverted
microscope. The cytotoxicity effects of the combination of
SAHA and cisplatin on 143B cells were analyzed by MTT
assay, colony formation assay, wound healing cell migration
assay, cell apoptosis assay and cell cycle analysis. Western blot
analysis was performed to detect the protein expression levels
of B cell lymphoma-2 (Bcl-2)-associated X protein (Bax),
Bcl-2, cleaved-caspase-3, cleaved-caspase-8 and cleaved-poly
(ADP-ribose) polymerase (PARP). The experimental data indi-
cated that the inhibition of cell proliferation in the combination
group was significantly increased compared with that in single
drug groups. Expression levels of pro-apoptotic protein were
upregulated, whereas anti-apoptotic Bcl-2 was downregulated
significantly in 143B cells following SAHA/cisplatin treat-
ment. Taken together, the results revealed that the combination
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of SAHA and cisplatin inhibited the proliferation of 143B cells
and induced their apoptosis synergistically, and this effective-
ness may be mediated by caspase activation.

Introduction

Osteosarcoma is the most common type of primary malig-
nancy of bone in children, and young adults (under the age
of 20) (1,2). Current treatment protocols include neoadjuvant
chemotherapy, surgical resection and postoperative chemo-
therapy. Surgical treatment has been commonly used to treat
osteosarcoma patients; however, surgical procedures sacrifice
a larger segment of bone and require complicated reconstruc-
tion. At present, except for surgical resection, chemotherapy
is used as a standard treatment protocol for osteosarcoma,
including doxorubicin, cisplatin and high-dose methotrexate
with leucovorin rescue (3.4).

Cisplatin, a cell cycle non-specific drug, has been widely
used for clinical treatment and possesses a broad anticancer
spectrum (5). Cisplatin-induced DNA damage into cytotox-
icity may destroy the structure of the cell membrane, induce
cell cycle arrest and/or apoptosis in cancer cells (6,7). The
powerful function, synergistic effect with multiple chemo-
therapeutic agents and lack of cross resistance, make cisplatin
one of the most commonly used drugs in combination chemo-
therapy. However, standard chemotherapy with cisplatin is
limited due to serious side effects in patients and the occur-
rence of cisplatin resistance (8). Decreasing cisplatin-mediated
toxicity or overcoming drug resistance with the concomitant
use of other drugs, is of great significance.

Previously, epigenetic alterations have been confirmed
to contribute toward cancer initiation and progression in
solid tumors (9,10). Histone acetylation and deacetylation
are epigenetic phenomena that serve critical functions in the
modulation of chromatin topology and the regulation of gene
expression (11). Abnormal expression or mutation of genes
encoding histone acetyltransferase or histone deacetylase
(HDAC) enzymes have been identified by tumorigenesis (12).
Therefore, compounds that target HDACs have generated
great interest as potential anticancer drugs. HDAC inhibitors
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sensitize cells to chemotherapy and radiation therapy by
inducing the acetylation of lysine residues of nuclear histones
and ‘opening up’ the chromatin (13). Conversely, the open chro-
matin structures may allow transcription of tumor suppressors
and pro-apoptotic genes (14). The open chromatin structures
provide additional target sites for DNA-damaging anticancer
drugs, including cisplatin (15). Compared with conventional
chemo-agents, HDAC has revealed strong antitumor activity
against numerous cancer cell types in vitro and in vivo, with
decreased toxicity to normal cells (15-17).

Suberoylanilide hydroxamic acid (SAHA), the most prom-
ising HDAC inhibitor (HDACI), was approved by the US Food
and Drug Administration for the treatment of patients with
cutaneous T-cell lymphoma in 2006 (18). SAHA is safe and
non-toxic in vivo and has significant antitumor effects against
multiple types of tumor cell (19,20). Due to the specific and
complementary mode of action, HDACTs have been reported to
show additive or synergistic antitumor effects combined with
platinum-based chemotherapeutic drugs, including cisplatin in
numerous cancer cell lines in vitro and in vivo (21).

Therefore, the main aim of the present study was to eval-
uate the antitumor effects of SAHA combined with cisplatin
on human osteosarcoma 143B cells. The antitumor effects of
this combination on cell viability, cell apoptosis regulation and
modulation of cell cycle were investigated. The present study
revealed that the combination of SAHA and cisplatin may
provide a novel strategy for treating osteosarcoma.

Materials and methods

Reagents and antibodies. SAHA and cisplatin were purchased
from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany).
SAHA was dissolved in dimethyl sulfoxide (DMSO; Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China) and
cisplatin was dissolved in double-distilled water. These drugs
were stored at -20°C until use.

MTT was obtained from Beijing Solarbio Science &
Technology Co., Ltd. Cell lysis buffer (cat. no. PO013)
and an SDS-PAGE kit (cat. no. PO0O12A) were purchased
from the Beyotime Institute of Biotechnology (Haimen,
China). Anti-B cell lymphoma-2 (Bcl-2) (cat. no. YT0469),
rabbit anti-Bcl-2-associated X protein (Bax; cat.
no. YTO0459), anti-cleaved-caspase-3 (cat. no. YC0004),
anti-cleaved-caspase-8 (cat. no. YC0011) and anti-cleaved-poly
(ADP-ribose) polymerase (PARP) (cat. no. YC0101) were
purchased from Immunoway (Newark, DE, USA). Mouse
anti-B-actin monoclonal antibody (cat. no. TA-09) and
secondary antibodies, including horseradish peroxidase-conju-
gated goat anti-mouse immunoglobulin (Ig)G antibody (cat.
no. ZB5305) and anti-rabbit IgG antibodies (cat. no. ZB5301)
were purchased from Beijing Zhongshan Golden Bridge
Biotechnology., Co., Ltd. (Beijing, China). BeyoECL was
purchased from EMD Millipore (Billerica, MA, USA).

Cell line and cell culture. The human 143B osteosarcoma cell
line was purchased from the American Type Culture Collection
(Manassas, VA, USA). The cells were maintained in a humidi-
fied atmosphere containing 5% CO, at 37°C in Dulbecco's
modified Eagle's medium (Hyclone, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo
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Fisher Scientific, Inc., Waltham, MA, USA) and 100 U/ml
streptomycin/penicillin.

Cell viability assay. MTT assay was performed to analyze cell
viability. Cells were plated at a density of 2-8 x10° cells/well
in a 96-well plate 1 day prior to treatment at 37°C. The cells
were then treated with either SAHA (2, 4, 8, and 16 ymol/l)
or cisplatin (50, 100, 200 and 400 ng/ml) alone or with a
combination of SAHA (2, 4 and 8 umol/l) and cisplatin
(100 and 400 ng/ml) at 37°C for 72 h. At the indicated
time-points (24, 48 and 72 h), 10 ul MTT solution (5 mg/ml)
was added to each well and the plate was incubated for another
4 h at 37°C. MTT reagent was then removed and formazan
was dissolved in DMSO for 10 min at room temperature. Cell
viability was evaluated by determining the absorbance of
each well at 490 nm using an enzyme immunoassay analyzer
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
experiment was repeated three times.

Morphological alterations of the cells. Following treatment
with either SAHA (4 ymol/l) or cisplatin (100 ng/ml) alone or
with a combination of SAHA and cisplatin (4 pmol/l SAHA +
100 ng/ml cisplatin) for 48 h at 37°C, the morphological char-
acteristics of the treated cells were observed. Images were
captured using an inverted phase contrast microscope at a
magnification of x100 (Nikon Corporation, Tokyo, Japan).

Colony-formation assay. The human 143B osteosarcoma
cells were plated at a density of 1,000 cells/well onto a 6-well
culture plate for 1 day prior to treatment at 37°C and were
then cultured in medium containing either SAHA (4 pmol/l)
or cisplatin (100 ng/ml) alone or a combination of SAHA and
cisplatin (4 ymol/l SAHA + 100 ng/ml cisplatin) at 37°C for
48 h. The 143B cells were given fresh medium after incuba-
tion for 48 h and then cultured for 2 weeks at 37°C. The cells
were fixed with 4% paraformaldehyde at 37°C for 15 min prior
to being stained with 0.1% crystal violet at 37°C for 15 min
and images were captured using EPSON SCAN and five
horizons were randomly selected to count the cell numbers.
The colony-formation rate was calculated using the formula:
(Colony number/seeded cell number) x 100%. The experiment
was repeated three times.

Wound-healing cell migration assay. 143B cells were seeded
in a 6-well plate at a density of 4x10° cells/well and cultured
until 100% confluence at 37°C. The wound was made by
scraping a conventional pipette tip to make a straight scratch
across the monolayer. The cells were treated with single drugs
(SAHA: 4 pmol/l; cisplatin: 100 ng/ml) or in combination
(4 pmol/l SAHA + 100 ng/ml cisplatin) at 37°C for 48 h after
being washed twice with PBS and the addition of medium
supplemented with 2% FBS. Images were captured using
an inverted phase contrast microscope at a magnification
of x100 (Nikon Corporation). The experiment was repeated
three times.

Flow cytometry analysis. Cell cycle analysis and the
Annexin-V assay were assessed by flow cytometry. 143B cells
were seeded in a 6-well plate at a density of 3x10° cells/well,
allowed to attach overnight at 37°C, and then treated with



ONCOLOGY LETTERS 16: 4663-4670, 2018

A SAHA,uM
1204
1004
= 80+
= 604
=
- 404
204
0
T T T T T
blank 2 4 8 16
Concentration
SAHA
120+
100+
v\.. 80+
£ 6
=
=
> 404
20+
T T T T
Oh 24h 48h 72h
Time

B

4665

Cisplatin,ng/ml
1204
1004
s 80+
3
£ 604
=
- 40
204
0
T T T T T
blank S0 100 200 400
Concentration
Cisplatin
1204
100+
2 80+
= 604
=
=
> 404
20+
T T T T
Oh 24h 48h 72h
Time

Figure 1. Effect of SAHA or cisplatin monotherapy on cell viability of 143B osteosarcoma cells. (A) Exposure to SAHA resulted in significant proliferation
inhibition and cytotoxicity in 143B cells in a concentration-dependent manner. (B) Exposure to cisplatin resulted in significant proliferation inhibition and
cytotoxicity in 143B cells in a concentration-dependent manner. (C) Exposure to SAHA resulted in significant proliferation inhibition and cytotoxicity in 143B
cells in a time-dependent manner. (D) Exposure to cisplatin resulted in significant proliferation inhibition and cytotoxicity in 143B cells in a time-dependent

manner. SAHA, suberoylanilide hydroxamic acid.

single drugs (SAHA: 4 ymol/l; cisplatin: 100 ng/ml) or in
combination (4 ymol/l SAHA + 100 ng/ml cisplatin) at 37°C
for 48 h prior to being washed twice with PBS, harvested by
trypsinization (0.25% trypsin for 1 min at 37°C) and centri-
fuged (500 x g for 5 min at room temperature). For cell cycle
analysis, the harvested cells were re-suspended in pre-cold
70% ethanol for at least 4 h at 4°C. The cells were dissolved
in 10 pg/ml RNase A (Sigma-Aldrich; Merck KGaA) at 37°C
for 20 min. Subsequently, the cells were treated with 20 pg/ml
propidium iodide (Sigma-Aldrich; Merck KGaA) and the DNA
contents of the cells (10,000 cells/group) were evaluated
using a FACSVantage SE flow cytometer (BD Biosciences,
San Jose, CA, USA). For the Annexin-V assay, the harvested
cells were added to 5 ul FITC-Annexin V (BD Biosciences)
and 10 pl propidium iodide (BD Biosciences) and incubated
for 15 min at room temperature in the dark. Binding buffer
(400 ul) was added to terminate the reaction, then analyzed
using flow cytometry (BD FACSCanto II; BD Biosciences).
Data were analyzed using the BD FACSDiva™ software
version 8.0 (BD Biosciences). The experiment was repeated
three times.

Western blotting analysis. Cells with multiple treatments
(SAHA: 4 pumol/l; cisplatin: 100 ng/ml; SAHA/cisplatin:
4 pmol/l and 100 ng/ml) were washed with ice-cold PBS twice
and then lysed with RIPA buffer (50 mM Tris-HCI, 150 mM
NaCl, 1 mM EDTA, 0.1% sodium dodecyl sulfate, 0.5% deoxy-
cholic acid,0.02% sodium azide, 1% NP-40,2.0 ug/ml aprotinin
and 1 mM PMSF) on ice, then centrifuged at 13,000 x g for
25 min at 4°C and supernatants were collected. The protein
concentration was quantified by bicinchoninic acid assay.

Protein was boiled for 10 min at 100°C in 5X loading buffer
(Beyotime Institute of Biotechnology) and then 200 ug protein
per lane was separated using SDS-PAGE (10% gel) and trans-
ferred to polyvinylidene difluoride membranes. Membranes
were blocked with 5% bovine serum albumin (Beijing
Solarbio Science & Technology Co., Ltd) in Tris-buffered
saline (Beyotime Institute of Biotechnology) containing
Tween-20 (TBST; Sangon Biotech Co., Ltd., Shanghai, China)
for 2 h at 37°C and then incubated with the primary anti-
bodies (Bax, anti-B cell lymphoma-2, anti-cleaved-caspase-3,
anti-cleaved-caspase-8 and anti-cleaved-poly (ADP-ribose)
polymerase and mouse anti--actin monoclonal antibody)
overnight at 4°C. All primary antibodies were diluted at
1:1,000. Following washing the membranes twice with TBST
buffer, membranes were incubated with the horseradish
peroxidase-conjugated secondary antibodies (goat anti-mouse
IgG antibody and anti-rabbit IgG antibodies) at 37°C for 1 h.
All secondary antibodies were diluted at 1:5,000. Following
washing twice with TBST buffer, the protein levels were
quantified using a BeyoECL kit. The mouse anti-B-actin
monoclonal antibody (dilution, 1:1,000) was used as a loading
control. The intensity of protein bands was quantified by densi-
tometric analysis using Quantity One 4.6.2 program (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). The experiment was
repeated three times.

Statistical analysis. Drug combination effects were evaluated
by the Chou and Talalay method using CalcuSyn software
1.0 (Premier Biosoft International, Palo Alto, CA, USA). The
experimental data were presented as the mean + standard devi-
ation from at least three independent experiments. GraphPad
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Figure 2. Combination effect of SAHA and cisplatin on the cell viability of
osteosarcoma cells. Combination of SAHA and cisplatin inhibited the cell
viability of 143B cells more significantly compared with the control and the
individual groups ("P<0.05). SAHA, suberoylanilide hydroxamic acid.

Prism Software 5.0 (GraphPad Software, Inc., La Jolla, CA,
USA) was used to examine the statistical significance by
SNK-q test or one-way analysis of variance followed by
Student-Newman-Keuls post hoc test. P<0.05 was considered
to indicate a statistically significant difference.

Results

SAHA or cisplatin alone inhibits cell viability of osteosarcoma
cells. The in vitro cell proliferation and functions of cisplatin
and SAHA in 143B cells were examined by MTT assay. The
results demonstrated that SAHA or cisplatin exerted a toxic
effect on 143B cells at 48 h and revealed concentration-depen-
dent (Fig. 1A and B) and time-dependent characteristics
(Fig. 1C and D). The cell viability of 143B cells treated with
SAHA or cisplatin was significantly inhibited at 48 h (P<0.05)
and was more so at 72 h (P<0.01). Therefore, the present
study selected 48 h as the time-point for the subsequent
experiments.

SAHA/cisplatin combination has a synergistic effect on
osteosarcoma cells. To determine whether SAHA is able to
enhance the anti-proliferative effect of osteosarcoma cells
by cisplatin, 143B cells were treated with various concentra-
tions of SAHA (2, 4 and 8 pymol/l) and cisplatin (100 and
400 ng/ml) in combination. The results demonstrated that the
combination of SAHA and cisplatin inhibited the proliferation
of 143B cells robustly (Fig. 2). The morphological alterations
due to combination treatment were also observed by micro-
scopic examination (Fig. 3A). The effect of the combination
of SAHA and cisplatin on cell proliferation was evaluated by
combination indices and revealed to be synergistic (combi-
nation indices <I; Table I). Furthermore, the present study
demonstrated a significant decrease in colony formation in the
drug combination group compared with the control and the
individual groups (P<0.05 for both; Fig. 3B).

SAHA/cisplatin combination inhibited cell migration of
osteosarcoma 143B cells in vitro. Cell migration serves
an important function in tumor metastasis (22). The
wound-healing cell migration assay was performed to confirm
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Table I. Combination indices for the combination of SAHA
and cisplatin in 143B cells.

CI Cisplatin, ng/ml
SAHA, uM 100 400
2 0479 0.726
4 0.656 0.753
8 0.712 0.814

CI, combination indices; SAHA, suberoylanilide hydroxamic acid.

the effect of the combination treatment on cell migration.
Following treatment with single drugs or in combination for
48 h, the combination exhibited significantly decreased cell
migration into the wounded area compared with that in the
control group and the two individual treatment groups (P<0.05
and P<0.05; Fig. 3C).

SAHA/cisplatin combination stimulates apoptosis of osteo-
sarcoma cells in vitro. To determine apoptotic cell death in
osteosarcoma cells following the combination treatment, flow
cytometry was performed. As presented in Fig. 4A, the early
apoptotic rate of SAHA or the cisplatin group was increased
compared with that of the control group (P<0.05) and the
early apoptotic rate in the combination group was significantly
increased compared with that in the control group and the two
individual groups (P<0.05 and P<0.05).

SAHA/cisplatin combination affected the cell cycle
distribution. Cell cycle arrest serves a critical function in cell
proliferation (23). To investigate the mechanisms underlying
the synergistic anti-proliferative effect of SAHA and cispl-
atin, flow cytometry was performed to detect the changes of
the cell cycle. As presented in Fig. 4B, for 143B cells treated
with SAHA, cells in G,/M cell cycle phase increased from
23.58 to 68.34% and cells in S phase decreased from 33.43
to 5.16%. Treatment of cisplatin increased cells in the S
phase from 33.43 to 52.85% and decreased cells in the G,/M
phase from 23.58 to 2.84%. The results revealed that SAHA
arrested the cell cycle at the G,/M phase (P<0.05), whereas
cisplatin arrested the cell cycle at the S phase (P<0.05). The
combination of SAHA and cisplatin decreased the cells in
G,/M phase from 23.58 to 19.22%, whereas 46.68% of total
cells were confined in the G/G, phase. No significant changes
were noted in the S phase of 143B cells in the combination

group.

SAHA/cisplatin combination altered apoptosis-associated
protein expression levels in osteosarcoma 143B cells. To
investigate the mechanism of apoptosis induced by SAHA
and cisplatin in osteosarcoma cells, the present study analyzed
the protein expression levels of Bax, Bcl-2, cleaved-caspase-3,
cleaved-caspase-8 and cleaved-PARP in 143B cells following
exposure of the cells to SAHA, cisplatin and a combination
of SAHA and cisplatin for 48 h. As presented in Fig. 5A,
the expression levels of pro-apoptotic protein (Bax) in the
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Figure 3. Morphological changes of osteosarcoma cells following exposure to SAHA, cisplatin or SAHA+cisplatin. (A) Necrosis of 143B cells was marked
in the SAHA /cisplatin group (magnification, x100). (B) The number of colonies decreased significantly in the SAHA/cisplatin group in 143B cells compared
with the control and the individual groups (magnification, x100; “P<0.05). (C) The combination of SAHA and cisplatin impaired migration in 143B cells
significantly compared with the control and the individual groups. "P<0.05 vs. control; “P<0.05 vs. monotherapy. SAHA, suberoylanilide hydroxamic acid.
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Figure 4. Flow cytometry analysis of osteosarcoma cells following exposure to SAHA, cisplatin or SAHA+cisplatin. (A) The percentage of apoptotic cells in
the combination group was significantly increased compared with the control and the monotherapy groups. (B) The cell cycle distribution was altered in the
combination group compared with the control and the monotherapy groups. 'P<0.05 vs. control; “P<0.05 vs. single treatment. FITC, fluorescein isothiocya-

nate; SAHA, suberoylanilide hydroxamic acid; PI, propidium iodide.

combination group were increased compared with those in the
control and the two individual groups (P<0.05), but the expres-
sion levels of anti-apoptotic protein (Bcl-2) in the combination
group were decreased compared with those in the control and
the two individual groups (P<0.05). Meanwhile, the expression
levels of cleaved-caspase-3, cleaved-caspase-8, cleaved-PARP
in the combination group were significantly increased
compared with those in the control and the two individual
groups (P<0.05; Fig. 5B).

Discussion

Osteosarcoma is a pleomorphic malignant bone tumor most
common in children and young adults (1,2). Osteosarcoma
usually localizes at the metaphysis of long bones and most
commonly occurs in the distal femur (30%), proximal tibia
(15%) or proximal humerus (15%) (24). Therefore, osteosar-
coma has a propensity to metastasize and recur because these
regions have rich blood supplies and hematogenous metastasis
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tends to occur early and progress rapidly (25). The current
management strategy for the majority of cases of osteosar-
coma is surgery with chemotherapy (4). With the development
of neoadjuvant intravenous combinational chemotherapy
(doxorubicin and cisplatin with or without methotrexate) in
the 1970s (3,4), the 5-year survival rates steadily increased
to as high as 81.6% (26). However, survival rates for patients
with pulmonary metastasis or recurrence will be decreased
compared with primary cases, highlighting the need for
high-efficiency novel chemotherapeutics or chemotherapy
sensitization agents (26).

Combination chemotherapy is the first choice for the
treatment of numerous types of cancer, including acute
leukemia and pancreatic ductal adenocarcinoma (27).
Combining drugs that target different oncogenic cell signaling
pathways often decreases the side-effects and complications
in patients and increase the efficacy of treatment and decrease
morbidity compared with conventional chemotherapy (28).
Cisplatin is an effective cancer chemotherapy drug widely
used for multiple types of tumor, including testicular, ovarian,
lung, and head and neck cancer (29). It is also the first-line
chemotherapy drug for therapy of osteosarcoma (30). Although
cisplatin has a strong therapeutic effect, drug resistance and

serious side effects limit its clinical application (31). SAHA, a
pan-class I and class I HDAC inhibitor (32), has demonstrated
anti-proliferation activity in numerous hematologic and solid
tumor malignancy preclinical studies (32); however, numerous
trials have verified the limitations of SAHA use for treatment
of solid tumors (33,34). The combination of SAHA with
cisplatin has previously been revealed to be effective against
malignancies (35). However, there are no reports of this
combination being investigated in osteosarcoma either in vitro
or in vivo. A previous study demonstrated that the combination
of cisplatin with SAHA exerted an additive interaction in the
viability of MCF7 cells, whereas in T47D cells there was a
tendency to synergy (36). Therefore, the present study hypoth-
esized that SAHA combined with cisplatin may enhance the
antitumor effects of cisplatin in osteosarcoma cell lines.

To assess our hypothesis, the present study selected 143B
cells from human osteosarcoma to perform the following
analyses. The anti-proliferation activity of single drugs
(SAHA or cisplatin) in 143B human osteosarcoma cells was
evaluated by MTT assay. The results revealed that SAHA or
cisplatin exerted a toxic effect on osteosarcoma 143B cells in
a concentration- and time-dependent manner. The combina-
tion of SAHA and cisplatin induced an increased inhibitory
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effect on 143B cells with a combination index <1 (calculated
using the CalcuSyn software 1.0), which implied that SAHA
may promote the anti-proliferation effect of cisplatin on
143B cells. The combined therapy also significantly inhibited
colony-formation ability and the necrosis of 143B cells was
increased in the combination group compared with the control
and the two individual treatment groups. In addition, the cell
migration rate in the co-treatment group was significantly
decreased compared with that in the two single drug groups
and the early apoptotic rate in 143B cells treated with the
combined regimens was significantly increased compared
with that in the two single drug groups. The present study also
demonstrated that the combination of SAHA and cisplatin
inhibited osteosarcoma cell proliferation by modulating
the cell cycle.

Caspases are a family of protease enzymes that serve
critical functions in programmed cell death and inflammation.
Activation of caspases ensures that the cellular components
are degraded in a controlled manner, performing cell death
with minimal effect to surrounding tissues (37). Caspase-8 is
an initial caspase essential for the transduction of the apop-
totic cascade where downstream effector caspase-3 becomes
activated and cleaves target proteins, eventually inducing
apoptosis (38). Caspase-3 is a caspase protein that interacts
with caspase-8 and its activation is often used to evaluate
apoptosis in studies of antitumor drugs (39-41). PARP is a
family of proteins associated with numerous cellular processes
involving DNA repair and programmed cell death. The results
of the present study demonstrated that single treatment (SAHA
or cisplatin) and combination treatment (SAHA + cisplatin)
increased the expression levels of cleaved-caspase-3, -8 and
cleaved-PARP, which may induce apoptosis via the caspase
signaling pathway. The expression levels of caspase-3, -8
and cleaved-PARP protein in combination treatment cells
were significantly increased compared with those in single
drug groups.

The results of the present study may provide a basis to
further investigate this treatment combination in animal
models. The present study has certain limitations. We only
used human osteosarcoma 143B cells; however, there are
numerous human osteosarcoma cell lines, including MG63,
U20S and Saos2. Further research is required to investigate
whether SAHA combined with cisplatin is effective in other
human osteosarcoma cell lines and elucidate the underlying
mechanisms.

To conclude, the present study assessed the effects of SAHA
or cisplatin alone and in combination on cell proliferation,
migration, colony-formation ability, apoptosis and cell cycle
distribution of 143B cells. The results demonstrated that the
combinatorial treatment of SAHA and cisplatin may inhibit
the proliferation and migration and promote the apoptosis of
osteosarcoma 143B cells synergistically in vitro. Consequently,
the present study suggested that the SAHA /cisplatin combina-
tion should be further studied for its use in the treatment of
osteosarcoma.
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