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Abstract: Actinomycin D (ActD), a well known transcription inhibitors, has been widely reported to induce cell apop-
tosis in several types of tumor cells by inhibiting the anti-apoptotic gene transcriptions. However, how ActD affects 
osteosarcoma cells survival and its molecular mechanism is currently unclear. In the present study, results of 
proliferation assays and Hoechst stainings suggested that MG63 human osteosarcoma cells showed impaired cell 
proliferations and significant apoptosis after ActD treatment. Moreover, biochemical results showed that cleaved 
caspase-3 is gradually increased with the increasing ActD concentrations and treated times. Importantly, results of 
western blots indicated that protein levels of cyclin factors, such as cyclin A, D1 and E, were all reduced after ActD 
treatment. And ActD treatments may inhibit mRNA transcription levels of these cyclin factors, which may finally lead 
to cell cycle arrest and consequently apoptosis. The present study have revealed a novel mechanism by which ActD 
inhibits osteosarcoma cell proliferations and induces apoptosis, and will provide an useful clue to chemotherapy in 
future treatment of osteosarcoma.
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Introduction

Osteosarcoma, occurs predominantly in chil-
dren and young adults, is the most common 
form of primary bone tumor with high rate of 
metastasis [1-3]. Recent studies have reported 
significant research advances in adjuvant che-
motherapy of osteosarcoma [4, 5]. However, 
the rapid development of metastatic lesions 
and resistance to chemotherapy remain major 
mechanisms responsible for the failure of treat-
ments and the poor survival rate for patients 
[1]. Considerting that osteosarcoma cells 
develop high rate of proliferation and metasta-
sis [6, 7], drugs targeted at cell replication and 
mobility may have great potentials for osteosar-
coma therapy by disrupting tumorous hy- 
perplasia.

During osteosarcoma development, cell popu-
lations are firstly expanded caused by activated 
cell proliferations. One current model of the cell 
cycle envisages transitions between different 
cell cycle states by passage through check-
points. Passage through the restriction point is 

promoted by a group of cyclin proteins, which 
includes cyclin A, D type cyclins, and cyclin E [8, 
9]. Therefore, cyclins are key components of the 
core cell cycle machinery, which constitute reg-
ulatory subunits that bind, activate, and provide 
substrate specificity for their associated cyclin-
dependent kinases (Cdks) [10]. Interestingly, 
aberrant cyclin expressions have been reported 
in many human cancers. For example, both 
cyclin A and cyclin E are overexpressed in lung 
carcinoma cells [11], and cyclin D1 gene ampli-
fication occurs in breast, esophageal, bladder, 
lung and squamous cell carcinomas [12-14]. 
Thus, inhibitors of cyclins or Cdks are thought to 
be of particular importance for the arrest of cell 
proliferation in tumor development.

Actinomycin D (ActD), is an anti-neoplastic 
agent that inhibits RNA synthesis by binding to 
guanine residues and inhibiting DNA-dependent 
RNA polymerase [15, 16]. ActD is a known DNA-
interacting transcription blocker with anti-can-
cer activity [17, 18], working as a cytotoxic 
inducer of apoptosis against tumor cells [16]. 
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For example, ActD is one of the chemotherapy 
drugs which have been used in treatment of a 
variety of cancers and is a component of the 
highly successful combination treatment of 
Wilms tumor [19]. Moreover, ActD has been 
reported to be an antineoplastic antibiotic that 
inhibits cell proliferation, by forming a stable 
complex with double-stranded DNA, thus inhib-
iting DNA-primed RNA synthesis [20-22]. It also 
causes single-strand breaks in DNA. Never- 
theless, ActD exhibits antitumor activity and 
induces tumor cell apoptosis.

Despite these reports, the effects of ActD on 
osteosarcoma cells have not been extensively 
investigated. Therefore, in this study, we char-
acterized the actions of ActD on MG63 human 
osteosarcoma cells. We now report that ActD 
inhibits cell proliferation and subsequently in- 
duces apoptosis in osteosarcoma cells. Fur- 
thermore, the effects of ActD on osteosarcoma 
cells were in a dose- and time-dependent man-
ner. Moreover, ActD treatment reduces cyclins 
(e.g. cyclin A, D1 and E) gene transcriptions and 
translations to exert its proliferative inhibitory 
effects. All these findings have established that 
ActD is a potential drug for improving osteosar-
coma therapy clinically.

Experimental

Materials

Actinomycin D was purchased from Calbiochem 
(San Diego, CA, USA). Dulbecco’s Modified Es- 
sential Medium (DMEM) and supplemented 

Fetal Bovine Serum (FBS) were purchased from 
Gibco Invitrogen Corporation (Carlsbad, CA, 
USA). The Hoechst kit was from Beyotime 
Biotechnology Co. (Haimen, Jiangsu, China). As 
for antibodies, the cyclin A, D1 ane E antibodie 
were from Abcam (Cambridge, UK). The cle- 
aved-caspase 3 antibody was from Cell Sig- 
naling Technology (Danvers, MA, USA). And 
anti-beta actin was from Millipore (Billerica, 
MA, USA). Other chemicals were of the highest 
purity available.

Cell culture

Human osteosarcoma cell line MG63 was 
obtained from Shanghai Institute of Cell Biology 
(Introduced from American Type Culture Col- 
lection). The cells were cultured in DMEM sup-
plemented with 10% FBS and antibiotics in 5% 
CO2 at 37°C. For the experiments, MG63 cells 
were plated in 6-well plates at 1.0×105 cells/
mL for Hoechst staining, and 1.0×106 cells/mL 
for Western blots and real-time PCR assay.

Pharmacological manipulations

For pharmacological treatment of Actinomycin 
D in MG63 cells, the final concentrations (0.1, 
0.5, 1 and 5 μM) of Actinomycin D were applied 
to these cells, and then incubated by 0, 2, 6 
and 24 hours for subsequent examinations. 
Equivalent ethanol was used as internal con- 
trols. 

Cell proliferation assay

Cell proliferation was measured using the sul-
phorhodamine B (SRB) colorimetric assay. Bri- 
efly, MG63 cells were seeded at 1×103 cells/
well in a 96-well microtiter plate with Actino- 
mycin D treatment. At various times, cells were 
fixed in 10% trichloro-acetic acid for 1 h at 4°C, 
rinsed and subsequently stained for 30 min at 
room temperature with 0.2% SRB dissolved in 
1% acetic acid, followed by air drying. Bound 
dye was solubilized in 100 μL of 10 mM unbuf-
fered Tris base for 30 min and the OD was read 
at 490 nm in an ELISA plate reader.

Hoechst staining and MTT assay

For the preparation of Hoechst staining, MG63 
cells were plated with 1.0×105 cells/mL in 
6-well plates. After pharmacological manipula-
tions, cells were directly stained with Hoechst 
kit from Beyotime. Cell counting was carried out 

Figure 1. Actinomycin D inhibits proliferation of 
MG63 human osteosarcoma cells. Histograms show-
ing the MG63 cell proliferation is impaired after Ac-
tinomycin D treatment (0.1, 0.5, 1 and 5 μM for 24 
hours), by SRB colorimetric assay. Results are aver-
ages of three independent experiments. 
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through National Institutes of Health software 
ImageJ. As for cell viability assay (MTT assay), 
1×103 cells were seeded in 96-well plate for 24 
h. On the next day, cells were incubated with 
Actinomycin D respectively. Then the viable 
cells were stained by adding 20 μl MTT solution 
(5 mg/ml) per 100 μl of growth medium. After 
incubating for 4 h at 37°C, the media were 
removed and 150 μl DMSO was added to dis-
solve the formazan. The absorbance of each 
well was measured by microplate reader and 
viable cells were presented as a percent of the 
control.

Western blots

To extract proteins, cultured MG63 cells were 
sonicated with lysis buffer (PBS with 1% Triton 
X-100 and protease inhibitors). The cell lysate 
supernatants were harvested by centrifugation 
at l0, 000 rpm for 10 min at 4°C. Protein con-
centrations of the cell supernatants were eval-
uated, and measured by BCA Protein Assay kit 
(Thermo Fisher Scientific Inc., Rockford, IL, 
USA). Equal amount of the proteins from each 
extract were separated in a SDS-polyacrylamide 
gel (12.6%) with 5% stacking gel in SDS-Tris-
glycine running buffer. The proteins were then 

transferred electrophoretically using a PVDF 
membrane, and followed with standard Western 
blots manipulations. Finally, proteins were de- 
tected by Super Signal® enhanced chemilumi-
nescence development (ECL) (Thermo Scientific 
Pierce) reagent and exposed to films (Kodak). 
The protein level quantification was carried out 
by ImageJ.

Real-time PCR assay

Total RNAs were extracted from cells using 
Trizol reagent (Invitrogen, Carlsbad, CA, USA). 
RNA was subjected to reverse transcription 
with reverse transcriptase as Manufacturer’s 
instructions (Fermentas Inc., Hanover, Md., 
USA). Quantitative real-time PCR was perfor-
med using the Bio-Rad iQ5 system using Bio-
Rad proprietary iQ5 software (Hercules, CA, 
USA), and the relative gene expression was nor-
malized to internal control as beta-actin. Primer 
sequences for SYBR Green probes of target 
genes were as follows, Cyclin A: AGCAGAAGA- 
GACTCAGAA AGG and GATAGTCAAGAGGTGTC- 
AGTGG; Cylin D1: CCGTCCATGCGGAAGA C and 
ATCCAGCGGGAAGAC; Cyclin E: GGAAGAGGAAG- 
GCAAACGTGA and T CGATTTTGGCCATTTCTTCAT; 
β-actin: GAGACCTTCAACACCCCAGC and ATGT 
CACGCACGATTTCCC.

Figure 2. Actinomycin D induces apoptosis of MG63 cells in a time-dependent manner. (A) Hoechst stainings and (B) 
histograms showing the increased cell death (%) after Actinomycin D treatment (5 μM for 0, 2, 6 and 24 hours) in 
MG63 cells. (C) Histograms showing the reduced cell viability (%) after Actinomycin D treatment (5 μM for 24 hours) 
in MG63 cells. Results are averages of three independent experiments. Data represent mean ± SEM. *P<0.05, 
**P<0.01, and ***P<0.001.
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Statistical analysis

All statistical analysis was performed by Image 
software. Quantitative data were showed in X

_
 ± 

s using ANOVA tests for comparisons. The value 
0.05 (*), 0.01 (**) and 0.001 (***) was 
assumed as the level of significance for the sta-
tistic tests carried out.

Results

Actinomycin D inhibits proliferation of MG63 
human osteosarcoma cells

Actinomycin D (ActD) is reported to produce 
anti-cancer activity by binding to guanine resi-
dues and inhibiting DNA-dependent RNA poly-
merase [23]. However, the toxic effects of ActD 
on osteosarcoma cells are not fully elucidated. 
To characterize the anti-cancer activity of ActD 
on osteosarcoma cells, we examined the ActD-
mediated cell alternations, such as cell prolif-
eration. To determine whether ActD affects cell 
proliferations in osteosarcoma cells, we quanti-
fied cell proliferation in optimal growth condi-
tions over a 24-hour period using the sulpho-
rhodamine B (SRB) colorimetric assay. By sta-
tistical analysis, we found that ActD exhibited 
inhibitory effect on cell replications at 1 μM 
concentration from 2 hours to 24 hours. And 
higher concentrations of ActD by 5 μM showed 

much stronger inhibitory effect on cell replica-
tions, while lower concentrations of 0.1 and 0.5 
μM seemed not to alter cell proliferations 
(Figure 1). Thus, our results suggest that ActD 
may arrest cell proliferations in MG63 human 
osteosarcoma cells in a time- and dose-depen-
dent manner.

Actinomycin D induces apoptosis of MG63 
cells

We have shown that ActD may effectively affect 
cell proliferations in MG63 human osteosarco-
ma cells. Considering that non-replicated cells 
may develop cell apoptosis, we next examined 
whether ActD induced apoptosis in MG63 cells. 
We applied Hoechst staining to MG63 cells 
treated by ActD (5 μM) for different time points. 
The results howed that ActD could induce cell 
apoptosis from 2 hours (cell apoptosis by 
23.2%) to 24 hours (cell apoptosis by 55.5%) 
(Figure 2A and 2B). To further determine the 
effect of ActD on cell apoptosis in MG63 cells, 
we next examined the cell viability of MG63 
cells treated by ActD. Our results suggest that 
percentages of cell viability decrease to 89.0% 
(2 h), 72.7% (6 h) and 43.3% (24 h) after ActD 
treatment (Figure 2C). 

Since the ActD may induce apoptosis in MG63 
cells in a time-dependent manner, we next 

Figure 3. Actinomycin D induces apoptosis of MG63 cells in a dose-dependent manner. (A) Hoechst stainings and 
(B) histograms showing the increased cell death (%) after Actinomycin D treatment (0, 0.1, 0.5, 1 and 5 μM for 24 
hours) in MG63 cells. (C) Histograms showing the reduced cell viability (%) after Actinomycin D treatment (0, 0.1, 
0.5, 1 and 5 μM for 24 hours) in MG63 cells. Results are averages of three independent experiments. Data repre-
sent mean ± SEM. *P<0.05, **P<0.01, ***P<0.001, and N.S, Not Statistically Significant.
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would like to study whether the kill effect of 
ActD on MG63 cells was in a dose-dependent 
manner. Similarly, Hoechst staining results 
showed that percentages of cell apoptosis 
were enhanced as ActD concentrations incre- 
ased (Figure 3A and 3B). Moreover, it’s also 
showed that cell viability decreased after ActD 
treatment (Figure 3C). Taken together, all these 
results support the notion that ActD would 
induce cell apoptosis in MG63 cells in a time- 
and dose-dependent manner.

To confirm the ActD-mediated cell apoptosis in 
MG63 cells, we assessed the apoptotic mark-
ers in MG63 cells by gradient ActD treatment. 
The results showed that ActD treatment indeed 
activated apoptotic marker cleaved caspase-3 
in MG63 cells by the folds of 5.87 (1 μM for 24 
h) and 8.74 (5 μM for 24 h) (Figure 4A and 4B). 
Thus, ActD may enhance apoptosis in MG63 
human osteosarcoma cells.

Actinomycin D decreases cyclins expressions 
in MG63 cells

To study the cellular mechanisms of how ActD 
inhibits cell proliferations and induces apopto-
sis in MG63 cells, we focused on the cell cycle 
factors. We assumed that ActD treatment may 
impair the cyclin proteins expressions in MG63 
cells. To test this hypothesis, we examined the 
protein levels of cyclin proteins, such as cycli-
nA, cyclin D1 and cyclin E. The biochemical 
results showed that the protein levels of cycli-
nA, cyclin D1 and cyclin E were all reduced dra-
matically by ActD treatment, espeically for 
cyclin D1 (Figure 5A and 5B).

As for ActD is a well-known transcription block-
er, we propose that ActD may affect cyclin pro-
tein levels via inhibiting their gene transcrip-
tions. Indeed, the mRNA levels of cyclins after 
ActD treatment were analyzed using real-time 

Figure 4. Actinomycin D induces caspase 3 cleavage in MG63 cells. A, B. Western blots and histograms showing 
that the cleaved caspase 3 protein level is decreased in MG63 cells by Actinomycin D treatment (0, 0.1, 0.5, 1 and 
5 μM for 24 hours). Results are averages of three independent experiments. Data represent mean ± SEM. *P<0.05, 
**P<0.01, and N.S, Not Statistically Significant.

Figure 5. Actinomycin D decreases cyclins protein levels in MG63 cells. A, B. Western blots and histograms showing 
that the protein levels of Cyclin A, Cyclin D1 and Cyclin E are decreased in MG63 cells by Actinomycin D treatment (0, 
0.1, 0.5, 1 and 5 μM for 24 hours). Results are averages of three independent experiments. Data represent mean 
± SEM. *P<0.05, **P<0.01, and ***P<0.001.
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PCR. The results suggested that the mRNA lev-
els of cyclinA, cyclin D1 and cyclin E were also 
down-regulated by ActD treatment. It’s of note 
that the changes of transcription levels were 
highly correlated with the quantitative changes 
of protein levels assayed in MG63 cells (Figure 
6A). Taken together, all these results indicate 
that ActD may decrease cyclin protein expres-
sions at least partly by transcriptional regula-
tion, finally leading to cell cycle arrest and cell 
apoptosis.

Discussion

Uncontrolled cellular proliferation is the hall-
mark of cancer, and proliferation rate, that is 
the rate of tumor cell division, is linked to prog-

nosis for several types of cancer, such as osteo-
sarcoma [24, 25]. Therefore, targeted inhibition 
of cell proliferation may afford clues for cancer 
therapy. In the present study, we demonstrated 
that Actinomycin D (ActD) may impair osteosar-
comatous proliferations and lead to significant 
apoptosis in MG63 human osteosarcoma cells. 
Moreover, the proliferative inhibitory effects of 
ActD on osteosarcoma cells may be at least 
partly dependent on cyclin protein expressions, 
because we noted that ActD treatment would 
inhibit either cyclin gene transcriptions or pro-
tein translations. Thus, the reduced cyclin pro-
tein expressions may be responsible for the cell 
cycle arrest and consequently apoptosis (Figure 
6B). Taken together, our work have revealed a 
novel mechanism by which ActD inhibits osteo-
sarcoma cell proliferations and induces apop-
tosis, and will provide an useful clue to chemo-
therapy in future treatment of osteosarcoma.

Osteosarcoma is the most common form of 
malignant bone cancer in humans. Multidrug 
chemotherapy and aggressive surgical tech-
niques have improved survival; however, the 
prognosis for human patients with metastatic 
disease remains a serious problem [26]. Early 
metastasis, chemotherapy resistance, and 
altered expression of tumorous proteins togeth-
er contribute to the development of osteosar-
coma [27]. Therefore, the search for more 
effective anti-osteosarcoma agents is neces-
sary and urgent. Here, our work demonstrates 
that ActD, a transcription blocker, could inhibit 
osteosarcoma cell proliferations and thus 
induce apoptosis to these cells. It’s noted that 
ActD exhibits superb effects on osteosarcoma-
tous apoptosis at high concentration (1 and 5 
μM). This result is consistent with previous 
reports, showing that high doses (1 mg/mL) of 
ActD block transcription of all RNA species, 
whereas low doses (100 ng/mL) cause prefer-
ential inhibition of ribosomal RNA synthesis 
[16]. Nevertheless, our work reveals that ActD 
is of potential to induce apoptosis in osteosar-
coma cells by cell cycle arrest.

Apoptosis has been identified as a central 
mechanism for the induction of cell death by 
cytostatic drugs [16, 28]. Cytostatic drugs 
seem to trigger diverse pathways, leading to 
apoptosis including the activation of death 
receptor/ligand systems, mitochondrial chang-
es, DNA damage or inhibition of protein synthe-
sis. And ActD is a potent inducer of apoptosis in 
a variety of cells in vitro and in vivo, by binding 

Figure 6. Actinomycin D decreases cyclin gene tran-
scriptions in MG63 cells. A. Histograms showing that 
the mRNA levels of Cyclin A, Cyclin D1 and Cyclin E 
are decreased in MG63 cells by Actinomycin D treat-
ment (0, 0.1, 0.5, 1 and 5 μM for 24 hours). Results 
are averages of three independent experiments. 
Data represent mean ± SEM. *P<0.05, **P<0.01, 
and ***P<0.001. B. Schematic representation high-
lighting the molecular link between Actinomycin D, 
cyclin gene expression and cell death in MG63 hu-
man osteosarcoma cells. Actinomycin D inhibits 
gene transcription and then protein expression of cy-
clin proteins, leading to the arrest of cell cycles and 
proliferations of MG63 cells, which finally promoting 
cell apoptosis.
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to DNA and inhibiting RNA and protein synthe-
sis. In present study, we further revealed that 
ActD was able to induce cell cycle arrest by 
blocking cyclin protein expressions. Actually, 
there are evidences showing that cyclins are 
potential oncogenes of human cancer. For 
example, both cyclin D1 and cyclin E are dereg-
ulated in a substantial fraction of human can-
cers, including cancers of the breast, prostate, 
lung, gut, pancreas and head and neck, and in 
many cases this is associated with effects on 
prognosis [9]. Moreover, overexpression of 
cyclin D1 in the mammary gland leads to hyper-
plasia and eventually to carcinoma [12]. Thus, 
inhibitory effects of ActD on cyclins support the 
notion that ActD could work as a potent inducer 
of apoptosis in osteosarcoma cells.

Conclusion

The present results showed that ActD may 
impair osteosarcomatous proliferations and 
lead to significant apoptosis in MG63 human 
osteosarcoma cells, by inhibiting cyclins expres-
sions and arresting cell-cyle progression. Our 
work have revealed a novel mechanism by 
which ActD inhibits osteosarcoma cell prolifera-
tions and induces apoptosis, and will provide 
an useful clue to chemotherapy in future treat-
ment of osteosarcoma.
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