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Abstract
Background: Histone deacetylase (HDAC) inhibitors have been reported to induce cell growth arrest,
apoptosis and differentiation of tumor cells. The present study aimed to examine the effects of trichostatin A
(TSA), one such inhibitor, on the cell cycle, apoptosis and invasiveness of osteosarcoma cells. Methods: MG63 cells were treated with TSA at various concentrations. Then, cell growth and apoptosis were determined
by 3-(4, 5-dimethyl-2-thiazolyl)-2H-tetrazolium bromide (MTT) and TUNEL assays, respectively; cell cycling
was assessed by flow cytometry; invasion assays were performed with the transwell Boyden Chamber system.
Results: MTT assays revealed that TSA significantly inhibited the growth of MG-63 cells in a concentration
and time dependent manner. TSA treated cells demonstrated morphological changes indicative of apoptosis
and TUNEL assays revealed increased apoptosis of MG-63 cells after TSA treatment. Flow cytometry showed
that TSA arrested the cell cycle in G1/G2 phase and annexin V positive apoptotic cells increased markedly. In
addition, the invasiveness of MG-63 cells was inhibited by TSA in a concentration dependent manner. Conclusion:
Our findings demonstrate that TSA inhibits the proliferation, induces apoptosis and inhibits invasiveness of
osteosarcoma cells in vitro. HDAC inhibitors may thus have promise to become new therapeutic agents against
osteosarcoma.
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Introduction
Osteosarcoma is the most common primary bone
cancer. Although great advances have been achieved in
the surgical techniques and new adjuvant chemotherapy,
the prognosis of osteosarcoma is still poor and >30% of
patients may die of pulmonary metastases within 5 years.
As in other neoplasms, genetic factors play a fundamental
role in the development of osteosarcoma. Acetylation
and deacetylation of histones can alter the chromatin
structure by influencing histone-DNA interaction
(Wolffe et al., 2000). Acetylation levels of histones are
regulated by a dynamic equilibrium between acetylation
by histone acetyltransferases (HAT) and deacetylation
by histone deacetylases (HDAC), which determines the
transcriptional status of chromatin (Ghizzoni et al., 2011).
Deacetylated histones have been found to be associated
with cell growth, whereas hyperacetylated histones with
cell growth arrest, differentiation and/or apoptosis. The
aberrant recruitment of HDAC complex that represses the
transcription of specific genes such as tumor suppressor
genes may lead to transcriptional regulation (Marks et al.,
2001).
HDAC inhibitors are known to cause growth arrest,

differentiation or apoptosis of cancer cells including
human breast cancer cells, prostate cancer cells, lung
cancer cells, ovary cancer cells and colon cancer cells
(Vigushin et al., 2001; Donadelli et al., 2003; Kim et al.,
2003; Chiba et al., 2004). The HDAC inhibitor, trichostatin
A (TSA), was initially characterized as an anti-fungal drug
and later found to inhibit HDAC activity at nanomolar
concentrations (Yoshida et al., 1995). TSA has been
suggested to block the catalytic reaction by chelating a zinc
ion in the active site pocket through its hydroxamic acid
group (Finnin et al., 1999). The anti-proliferative effect
of TSA has been demonstrated in some malignancies;
however, it has not been well studied in osteosarcoma
cells. So, in the present study, we aimed to investigate the
effects of TSA on the growth, apoptosis and invasiveness
of human osteosarcoma MG-63 cells.

Materials and Methods
Cell Culture
The osteosarcoma MG-63 cells were purchased from
the ATCC (CRL-1427). MG-63 cells were maintained
in an atmosphere with 5% CO2 at 37°C in Dulbecco’s
modified Eagle’s medium (DMEM) containing 4 mM
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L-glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose
and 1.0 mM sodium pyruvate, 10% fetal bovine serum
(FBS) and 1% penicillin/ streptomycin (Invitrogen).
TSA Treatment
TSA was purchased from Sigma, dissolved in dimethyl
sulfoxide (DMSO) (3 mM) and stored at -80°C for use.
Twenty-four hours before TSA addition, MG-63 cells were
subcultured onto either fresh tissue culture plates. When
the cell confluence reached 60-70%, the medium was
replaced with fresh medium containing TSA at various
concentrations (10~500 nm/ml), and incubation was
performed for 12, 24 and 48 h. Then, cells were harvested,
washed with phosphate buffered saline (PBS) twice, and
examined for TSA-induced changes.
Assessment of Cell Viability and Cell Growth Inhibition
The cells were seeded in 96-well plates and maintained
in DMEM containing 10% FBS and TSA at various
concentrations. Cells were harvested at different time
points and cell growth was determined. Cells were stained
with trypan blue and then counted using a hemacytometer.
Cell proliferation was examined by using the 3-(4,
5-dimethyl- 2-thiazolyl)-2H-tetrazolium bromide (MTT)
assay as previously described (Mosmann, 1983).
Morphological changes in MG-63 cells exposed to TSA
Morphological changes in MG-63 were examined after
TSA treatment by using a phase contrast microscope and
an electron microscope. The suspended cells were removed
and the ultrastructure of adherent cells was examined. In
brief, cells were fixed in 2.5% glutaraldehyde, and then in
1% osmium tetroxide, dehydrated in a series of ethanol,
embedded in epoxy resin, and examined under an electron
microscope (JEM 1200EX).
Detection of Apoptotic Cells
Quantification of apoptotic cells was performed by
the terminal deoxynucleotidyl transferase mediated
dUTP biotin nick end labeling (TUNEL) according to the
manufacturer’s instructions (Takara Bio Inc.). Cells grown
on coverslips were washed twice with PBS, fixed in 4%
paraformaldehyde and treated with 3% H2O2 for 20 min.
After washing with PBS, cells were further incubated with
streptavidin HRP solution for 30 min at room temperature
and stained with 3, 39-diaminobenzidine tetrahydrocloride
(DAB, 0.05%). Then, these cells were washed, and stained
with hematoxylin for 1 min. A total of 4 fields were
randomly selected from each section at a magnification
of ×400 and the TUNEL-positive cells were calculated.
The proportion of apoptotic cells was calculated as the
ratio of the number of positive cells to total cell numbers.
Detection of Cell Cycle and Apoptosis by Flow Cytometry
The percentage of cells in G1, S and G2/M phase
was determined by flow cytometry. Briefly, cells were
digested with trypsin, washed once in fresh media, and
re-suspended at a density of 1×106 cells/ml. The cell
suspension (200 μl) was then incubated with PI solution
(50 μg/ml) and 50 units of RNase for 30 min. The
stained cell nuclei were determined on an Epixs XL flow
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cytometer (Beckman Coulter). Data were analyzed using
the Multicycle software which allowed a simultaneous
estimation of cell cycle parameters.
In addition, cells were washed twice with cold PBS,
and 1×106 cells were re-suspended in binding buffer. FITC
conjugated Annexin V was added at a final concentration
of 1 μg/ml. PI was added at a final concentration of
0.25 μg/ml. Then, these cells were gently vortexed and
incubated at room temperature for 15 min in the dark.
FITC positive cells were determined by flow cytometry
within 30 min.
Invasion Assay
Matrigel (B.D. Biosciences) is a soluble basement
membrane matrix. Invasion assay of MG-63 cells was
performed with a transwell Boyden Chamber (Corning
Life Sciences) carrying a polycarbonate filter with a
pore size of 8-μm, which was precoated with Matrigel
at 50 μg/mL. The lower chamber was filled with 0.6 ml
of serum-free medium containing 0.1% FBS. Cells were
re-suspended at a density of 1.5×106 cells/mL with TSA
or vehicle (DMSO) in serum-free medium containing
0.1% FBS and 10 ng/ml VEGF. Then, 100 μL of cell
suspension and 200 μL of serum-free medium containing
0.1% BSA were added to the upper chamber, followed
by incubation for 12 h at 37°C. Cells on the upper filter
were removed by wiping, and then the filter was fixed
in 4% paraformaldehyde for 1 h. Cells passing through
the filter were stained with 1% crystal violet. Following
washings with PBS, the filters were treated with 2%
sodium dodecylsulfate (SDS) overnight and the optical
density (OD) was determined at 490 nm. The invasiveness
inhibition was determined as follow: invasiveness
inhibition = [1- (ODTSA-ODblank)/ (ODcontrolODblank)]×100% (Li et al., 2004).
Statistical analysis
Three independent experiments were carried out and
means ± standard deviations (SD) calculated. Student t
test was employed for comparisons. A value of P less than
0.05 were considered statistically significant.

Results
Inhibitory Effects of TSA on Osteosarcoma Cell
Proliferation
Our results showed TSA inhibited the proliferation of
osteosarcoma cells. MTT assay revealed TSA inhibited
the growth of MG-63 cells in concentration and time
dependent manners (Figure 1). The inhibition rate after
300 nM TSA treatment was 86% at 12 h, 67% at 24 h and
56% at 48 h .Cell viability at 48 h after treatment with TSA
at 50, 100, 200, 300 and 500 nm was 78%, 65%, 56% and
46%, respectively.
Morphological Changes in Osteosarcoma Cells after
Exposure to TSA
Phase contrast microscopy demonstrated that MG-63
cells exposed to TSA exhibited morphological changes
including cytoplasmic elongation (round) and loss of
cell-cell contact (detached). These morphological changes
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Figure 1. Cell Growth after TSA Treatment. MG-63 cells

were exposed to TSA at various concentrations for 12, 24 and
48 h. TSA inhibited the growth of MG-63 cells in concentration
and time dependent manners

100.0

Figure 4. Detection of Apoptosis of MG-63 Cells after
TSA Treatment with TUNEL Staining. A: untreated
cells. Apoptosis was not found (×400). B: Cells after 300 nM75.0
TSA treatment for 24 h (×400). C: TSA increased the apoptotic
MG-63 cells in a concentration and time dependent manners
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Figure 2. Phase-contrast Microscopy of MG-63 Cells
after TSA Treatment. MG-63 cells were treated with vehicle
or TSA at 300 nm for 12 h, 24 h and 48 h. The morphology
of these cells were observed under an inverted phase contrast
microscope. TSA-treated cells became round and detached. A:
vehicle. B: TSA treatment for 12 h. C: TSA treatment for 24 h.
D: TSA treatment for 48 h (×100)

Figure 3. Ultrastructure of MG-63 Cells after TSA
Treatment. A: vehicle. B: TSA treatment. The apoptotic
features included a paucity of cytoplasmic organelles, vacuoles,
condensation of the chromatin, and numberous apoptotic bodies
(×3000)

appeared to be concentration and time dependent (Figure
2). Ultrastructurally, cells were shrunken with a paucity
of cytoplasmic organelles, vacuoles, nuclear shrinking
accompanied by margination and condensation of the
chromatin, and presence of numerous apoptosis bodies
(Figure 3). These morphological features were indicative
of apoptosis.
Apoptosis after TSA Treatment
The TUNEL staining demonstrated the increase of
apoptotic MG-63 cells after TSA treatment, which was
concentration and time dependent (Figure 4). About 75%
of cells appeared to be dead after 300 nM TSA treatment
for 24 h. Apoptosis was not noted in untreated cells. The
apoptosis peaked at 48 h after 300 nm TSA treatment.
Cell Cycle and Apoptosis by Flow Cytometry
The cell cycle of MG-63 cells was analyzed at 24 h

Figure 5. Detection of Cell Cycle and Apoptosis of
MG-63 Cells after TSA Treatment by Flow Cytometry.

Cells were treated with the vehicle (A, C) or 300 nM TSA for
24 h (B, D). Flow cytometry showed a marked decrease in cells
with dual peaks and an increase in cells in the G2/M phase (A,
B). Annexin V staining showed an increase in the apoptotic cells
after TSA treatment (C, D)

after exposure to 300 nM TSA. Flow cytometry after PI
staining demonstrated dual peaks before TSA treatment.
Figure 5A showed that the proportion of untreated cells
was 80.70% in G1 phase and 8.85% in G2/M phase. As
shown in Figure 5B, the percentage of TSA-treated cells
in G0/G1 phase was markedly decreased but that in G2/M
phase dramatically increased (22.10%). This meant that
the cell cycle progression was arrested by TSA. Annexin
V staining was used to measure the TSA induced apoptosis
. The lower right quadrant represents the apoptotic cells.
FITC-Annexin V positive apoptotic cells increased
gradually from 9.60% in untreated cells to 22.50% at 24
h after 300 nM TSA treatment (Figure 5 C, D).
TSA inhibits osteosarcoam cell invasiveness
The invasiveness of cancer cells into Matrigel has
been used to characterize the involvement of extracellular
matrix receptors and degrading enzymes, which play a
role in cancer progression and thus to characterize the
malignant potential of cancer cells. Invasion assay showed
a large number of cells passed through the filter in the
control group (Figure 6 A), whereas the cells passing
through the filter were markedly reduced after 300 nM
TSA treatment (Figure 6B). Moreover, the TSA reduced
the number of invasive cells in a concentration dependent
manner (Figure 6C) (P<0.05).
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Figure 6. Invasiveness of MG-63 Cells after TSA
Treatment. Cell invasiveness was determined after TSA
treatment by using the transwell system. A: vehicle (DMSO).
B: Treatment with 300 nM TSA (×400). C: TSA inhibited the
invasiveness of MG-63 cells in a concentration dependent
manner. *P <0.05

Discussion
The acetylation level of histone is reversibly
regulated by HAT and HDAC (Ghizzoni et al., 2011).
An inappropriate acetylation state of histones causes
abnormal outgrowth and the altered pattern of cell death,
which leads to neoplasmic transformation (Loidl et al.,
1987). Regulation of angiogenic factor expression through
histone acetylation has been found to be involved in the
angiogenesis (Williams, 2001). Studies have shown that
over-expression of HDAC1 may induce angiogenesis both
in vitro and in vivo through increasing VEGF expression
and suppressing p53 and VHL expressions (Kim et
al., 2001). These findings suggest that HDAC plays an
important role in the angiogenesis which is closely related
to carcinogenesis. Although TSA has been reported to
inhibit cell growth and induce apoptosis of various cancer
cells, its effect on osteosarcoma cells is rarely investigated.
In the present study, MTT assay revealed that TSA could
inhibit the growth of osteosarcoma cells in concentration
and time dependent manners. The morphological changes
in osteosarcoma cells after TSA treatment were similar
to those following treatment with anti-cancer drugs.
Anticancer agents have been demonstrated to induce
apoptosis of different cancer cells (Muller et al., 1997).
To determine whether the reduction and morphological
changes in osteosarcoma cells after TSA treatment were
as results of increase in apoptotic cells, the apoptosis of
osteosarcoma cells was further examined. TUNEL staining
showed that TSA significantly induced the apoptosis of
osteosarcoma cells, which may be partially attributed to
the growth inhibition of osteosarcoma cells.
The exact mechanism by which TSA induced apoptosis
of osteosarcoma cells is still unknown, as is the mechanism
of apoptosis after treatment with anti-cancer drugs. Further
investigations are required.
To determine whether TSA affected the distribution
of cell cycle, cell nuclei were stained with PI and
examined by flow cytometry. Results indicated that TSA
markedly reduced the osteosarcoma cells in G1 phase and
concomitantly increased those in G2/M phase. Annexin V
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staining revealed the increase of apoptotic cells after TSA
treatment. It has been found that TSA can result in growth
arrest in G1 and/or G2/M phase and induce apoptosis
of a variety of cancer cells (Strait et al., 2002; Hirose et
al., 2003). The arrest in G1 phase after TSA treatment
is thought to be related to the increased expressions of
p21/WAF1, while the precise mechanism causing arrest
in G2/M phase or apoptosis following TSA treatment
in cancer cells still remains to be elucidated (Sowa et
al., 1997). The findings in morphological examination
including the electron microscopy, TUNEL staining and
flow cytometry were indicative of apoptosis after TSA
treatment and demonstrated that TSA could inhibit the
proliferation of osteosarcoma cells in vitro. Our results
indicate that TSA is capable of inducing growth arrest
by facilitating apoptosis and arresting cell cycle in G1/
G2 phase.
Invasiveness is a very important characteristic of cancer
cells and closely related to matrix metalloproteinases
(MMPs). Previous study shows TSA suppresses the
invasiveness of lung cancer cells by activating RECK
expression and attenuating MMP-2 activity (Liu et al.,
2003). As shown in Figure 6, our results demonstrated that
TSA significantly reduced the number of cells penetrating
the filter in cell invasion assay.
Taken together, our findings demonstrate the antitumor effect of HDAC inhibitors and they may become
new therapeutic agents for the treatment of osteosarcoma.
However, further in vivo studies are required to confirm
the effectiveness and safety of TSA in the treatment of
human osteosarcoma.
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