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 Background: Osteosarcoma is one of the most common malignant bone cancers worldwide. Although the traditional che-
motherapies have made some progression in the past decades, the mortality of osteosarcoma in children and 
adolescent is very high. Herein, the role of actein in osteosarcoma was explored.

 Material/Methods: Cell viability assay was performed in osteosarcoma cell lines 143B and U2OS. Colony formation analysis was 
included when cells were treated with different doses of actin. Cell cycle assay was conducted to further ex-
amine the role of actein. Cell apoptotic rate and the relative activities of caspase-3, caspase-8, and caspase-9 
were detected in 143B and U2OS osteosarcoma cells. Moreover, transwell assays were used to explore the ef-
fects of actein on cell metastasis.

 Results: Actein significantly inhibited osteosarcoma cell viability in a time- and dose-dependent manner. Actein also 
dramatically suppressed the colony formation ability in osteosarcoma143B and U2OS cells. It was revealed 
that osteosarcoma cells were arrested in G0/G1 phase in the cell cycle progression and induced to apoptosis 
by administration of actein. The activities of pro-apoptotic factors such as caspase-3 and caspase-9 were sig-
nificantly increased by actein. Furthermore, administration of actein decreased cell migrated and invasive abil-
ities in both 143B and U2OS cell lines.

 Conclusions: Actein inhibits tumor growth by inducing cell apoptosis in osteosarcoma. The inhibitive roles of actein in cell 
proliferation, migration and invasion suggest that actein may serve as a potential therapeutic agent in the 
treatment of osteosarcoma.
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Background

Osteosarcoma is among the most common malignant bone can-
cers, especially in adolescents and children. The annual inci-
dence of osteosarcoma worldwide is 1/10000, with the majority 
of cases occurring in people under 20 years old [1]. The 5-year 
survival rate for primary osteosarcoma is between 20% and 
70% with traditional chemotherapy; however, it was dramati-
cally decreased to less than 30% when the tumor metastasizes 
into other organs, in most cases, the lungs [2,3]. Furthermore, 
patients with metastatic osteosarcoma show poor response 
to conventional chemotherapy [4,5], which makes it a priority 
to find novel therapeutic methods to improve the treatments 
of patients with metastatic osteosarcoma.

Black cohosh is a North American perennial plant that has been 
used for centuries by Native Americans. Evidence showed that 
it has been involved in multiple processes, including anti-in-
flammation, anti-rheumatism, pain killers, and anti-dysmen-
orrhoea [6,7]. In recent years it has become a common alter-
native in hormone replacement therapy for females to relieve 
menopausal symptoms. Millions of women turn to black co-
hosh as a more natural agent in the belief that it has more ad-
vantage without the risks of estrogen therapies [8]. The main 
components of the roots and rhizomes of black cohosh are tri-
terpene glycosides, sugars, phenyl propanoids, tannins, and 
long-chain fatty acids [9]. The effects and mechanisms of these 
compounds remain largely unknown. However, many studies 
have shown that the extracts of black cohosh suppressed the 
in vitro growth of human breast cancer cells. Isopropyl alcohol 
extracts inhibited MCF7 cell proliferation and increased the in-
hibitory effects of tamoxifen in breast cancer therapy [10,11]. 
The ethanolic extract restrained the expression of cyclin D1 and 
increased the activity of the P21 protein in ER- human breast 
cancer cell lines [12]. In addition, extracts of black cohosh were 
also verified to enhance the efficacy (toxic adverse effects) of 
Adriamycin or Taxotere on mouse breast cancer cells EMT6, 
the mechanism of which are still unknown [8].

Furthermore, purified aglycones and triterpene glycosides have 
been demonstrated to selectively suppress the growth of vari-
ous cancer cells, including human breast cancer cells MCF7 and 
MDA-MB-453 [13], human oral squamous carcinoma cells [14], 
and human liver cancer cells HepG2 [15] compared with the 
effects on non-malignant counterparts. Triterpene glycosides 
extracted from black cohosh induced cell cycle arrest at G1 
phase in breast cancer cells, of which actein was the most ac-
tive component in the plant. Actein was shown to decrease 
the expression of cell cycle regulators, including cyclin D1, 
CDK4, and phosphorylated EGFR. It also upregulated the activ-
ity of the CDK inhibitory protein P21 in ER- MCF7 breast can-
cer cells. Both processes contribute to actein-mediated arrest 
of cell cycle at G1 phase.

The main purpose of this study was to elucidate the effects 
of actein on human osteosarcoma growth and metastasis. To 
this end, we chose 2 osteosarcoma cell lines with distinct lev-
els of aggressiveness: the highly aggressive 143B cell line and 
the less aggressive U2OS cell line. Cell proliferation, migration, 
and invasion were assessed after cells were exposed to actein. 
Cell cycle progression and cell apoptosis were also determined 
after actein treatment in osteosarcoma cells.

Material and Methods

Reagents

Actein was commercially purchased from ChromaDex (Laguna 
Hills, CA, catalog number 01355-101), which was purified by 
high-performance liquid chromatography (HPLC). Actein was 
preserved as a stock solution at a concentration of 80 μM. The 
stocking solution was diluted later based on experimental de-
sign. Cell Counting Kit-8 (CCK-8) was obtained from Boster 
Biology Inc. (Wuhan, China). All cell culture supplies were com-
mercially obtained from Corning Co. (Singapore).

Cell culture

Osteosarcoma cell lines 143B and U2OS were from the American 
Type Culture Collection (ATCC, VA) and cultured in the recom-
mended medium supplied with 10% fetal bovine serum (FBS, 
Gibco, USA) at 37°C and 5% CO2 in an incubator. For the ad-
ministration of actein, cells were co-incubated with various 
concentrations of actein prior to tests. For all of the in vitro 
assays, 143B and U2OS cells were cultured for 2 days before 
treatment with actein.

Cell viability assay

Cell viability was determined by the CCK-8 assay. Briefly, 
143B and U2OS cells were cultured in a 96-well plate 
(2×104 cells/well). Cells were administrated with indicated 
doses of actein for 36 h, or exposed to a fixed concentration 
(30 μM) of actein for different time durations (0, 12, 24, 36, 
and 48 h). At each time point, a 10-μL solution of CCK-8 was 
mixed into each well and 143B and U2OS cells were further 
incubated for 10 min at 37°C before proceeding to the absor-
bance detection. Air bubbles in the solution were strictly avoid-
ed during the whole process. The absorbance of each experi-
mental group was read and calculated at a wavelength of 450 
nm. Each treatment was repeated in triplicate.

Colony formation assay

After exposure to different doses of actein (0, 5, 10, 20, 40, 
and 80 μM), 143B and U2OS cells were spread into 12-well 
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plates (100 cells per well). A colony that assembled more than 
50 cells was considered as being formed successfully and was 
later counted. The number of colonies was calculated on the 
10th day after seeding, when the plates were stained with 
crystal violet (5%). The colony formation rate was calculated 
with the following formula: colony formation rate=(number of 
colonies/number of seeded cells) ×100%.

Cell cycle assay

Each group of 143B and U2OS cells was seeded in 6-well plates 
at a concentration of 3×105 cells per well and pre-treated with 
actein at the indicated doses when a confluence of 85% was 
reached for both cell lines. The culture medium was refreshed 
every 2 days. After washing with pre-iced PBS 3 times, cells 
were then collected with low-speed centrifugation (1000 rpm 
for 5 min). Cell pellets were re-suspended in 1 ml of cold PBS 
solution, fixed with 75% ethanol, and stored at –20°C for ad-
ditional 2 days. Before flow cytometry (FCM) analysis, cell so-
lution was lysed, centrifuged, washed, and re-suspended in 
propidium iodide (PI) staining buffer containing 50 µl/ml PI and 
250 µl/ml RNase A. Afterwards, the cell mixture was sustained 
at 4°C for 30 min in the dark and examined by fluorescence-
activated cell-sorting (FACS) technique (Beckman, Germany).

Cell apoptosis

Morphological analysis of cell apoptosis was performed to re-
veal the apoptotic cells by Hoechst-33258 staining. 143B and 
U2OS cells were administrated with different doses of actein 
for 36 h. Thereafter, cells were washed with pre-cold PBS and 
fixed with iced methanol/acetic acid (3:1) for 15 min. Fixed 
cells were stained with Hoechst-33258 at a concentration of 
5 μg/ml for 10 min at 37°C. The morphological changes in the 
cell nuclei were imaged and calculated with fluorescence mi-
croscope (Nikon, Germany).

Cell apoptosis was evaluated by an annexin V-fluorescein iso-
thiocyanate (FITC) kit (Beyotime, Nantong, China). A total of 
5×105 143B and U2OS cells were exposed to different doses 
of actein for 36 h. Afterwards, cells were centrifuged at 1000 
rpm for 5 min and re-suspended with 500 μl of 1× binding buf-
fer. A volume of 5 μl Annexin V-FITC and 5 μl of PI were, re-
spectively, mixed with the cells. After incubation for 5 min in 
the dark, cell percentage in each well was detected by FACS 
(BD Bioscience, USA). Both 143B and U2OS cells, which were 
annexin-V-FITC-positive and PI-negative, were considered as 
early apoptosis. Cells that were positive for annexin-V-FITC 
and PI were considered to be in the late stage of apoptosis. 
The percentages of both cell lines in each condition were an-
alyzed from 3 independent assays.

Caspase activity analysis

The relative activities of caspase-3, caspase-8, and caspase-9 
in 143B and U2OS cells upon actein administration were de-
termined with the caspase activity kits (Beyotime, Nantong, 
China), following the manufacturer’s protocol. Briefly, both cell 
lines were treated with actein (0, 20, 40, and 80μM) for 36 h 
and cell lysates were collected by low-speed centrifuge (1000 
rpm). Analysis was performed in a 96-well plate by co-incu-
bating proteins from cell lysates (143B and U2OS) and reac-
tion buffers with substrates for caspase-3, caspase-8, and cas-
pase-9, respectively. After being stably cultivated for 4 h, the 
absorbances of 405 nm of each well were read and calculat-
ed by a TECAN reader (NY, USA).

Transwell assay

Cell migration and invasion abilities were detected with Transwell 
chambers with pore size 8 µm (Corning, NY). Before each assay, 
143B and U2OS cells were treated with actein at indicated con-
centrations. For cell migration assay, 100μL of 143B or U2OS 
cells (5×104) in serum-free culture media were spread into the 
upper chamber, which was fixed into 24-well plates. A total of 
600 μL culture medium supplemented with 10% FBS was then 
added into the lower chamber. Cells were incubated at 37°C 
for 24 h, washed with PBS twice, fixed with cold methanol, and 
stained with crystal violet (5%) for 5 min at room temperature. 
Cells that adhered to the upper surface of the chamber were 
carefully removed using cotton swabs, and those on the bot-
tom surface of the membrane were photographed and count-
ed under a light microscope (Nikon) with 5 random fields. For 
the invasion analysis, the membranes of each upper chamber 
were pre-coated with Matrigel (BD Biosciences, USA) for 6 h at 
37°C in an incubator. Each experiment was repeated in triplicate.

Statically analysis

All results are shown as the means ±SD unless otherwise in-
dicated in the study. Student’s t-test was employed to eval-
uate the statistical significance between variables. All of the 
statistical analyses were performed with SPSS Statistics 18.0 
software (Chicago, IL) and any value of p< 0.05 was consid-
ered as significant. Each experiment was repeated in triplicate.

Results

Actein inhibited cell proliferation in human osteosarcoma 
in a dose- and time-dependent manner

To explore the effects of actein administration on osteosarco-
ma cell proliferation, osteosarcoma cell lines 143B and U2OS 
were cultured and co-incubated with different concentrations 
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of actein at different time intervals prior to cell viability assays. 
Our data showed that in 143B and U2OS cells, treatment with 
various doses of actein for 24 h dramatically decreased cell 
proliferation rates (Figure 1A). Moreover, the inhibitory rates 
increased as the concentration of actein increased. The lethal 
dose 50 value (LD50) was about 30 μM for both cell lines. 
Afterwards, 143B and U2OS cells were stimulated with 30 μM 
of actein for different time intervals. Figure 1B shows that lon-
ger exposure time led to higher inhibitory rates of cell prolif-
eration in both cell lines, and the inhibitory rate for both cell 
lines was increased by up to 80% at 48 h. These data reveal 
that actein decreased cell proliferation rate in osteosarcoma 
cell lines in a dose- and time-dependent manner.

Actein inhibited colony formation in both 143B and U2OS 
cells

To further evaluate the inhibitory effects of actein in osteosar-
coma cell proliferation, colony formation assay was performed 

with 143B and U2OS cell lines. Similarly, we administered cells 
with different concentrations of actein (0, 5, 10, 20, 40, and 
80 μM) for 36 h at a 37°C incubator. It was shown that ap-
proximately 300 colonies were visualized in control 143B cells; 
however, only 200 and 80 colonies were observed when cells 
were treated with 10 μM and 80 μM of actein, respective-
ly (Figure 1C). In U2OS cells, colony number dramatically de-
creased, from 250 in the non-treated group to 70 in the 80 μM 
actein-stimulated counterpart (Figure 1D). These results suggest 
that actein inhibited colony formation in osteosarcoma cells, 
conjointly supporting the conclusion that actein suppressed 
cell proliferation in osteosarcoma cell lines 143B and U2OS.

Actein caused cell cycle arrest in G0/G1 phase in 
osteosarcoma cells

Next, we detected the cell cycle progression in 143B and U2OS 
cells after exposure to actein. Both cell lines were pre-stimu-
lated with actein for 36 h at the concentration of 0, 40, and 
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Figure 1.  Actein inhibited cell proliferation in human osteosarcoma cells. (A) Cell viability was detected when both 143B and U2OS 
osteosarcoma cells were treated with different concentrations of actein (0, 5, 10, 20, 40, and 80 μM) for 24 h. (B) Cell 
viability was examined when 143B and U2OS cells were administrated with 30 μM actein at various time intervals (0, 6, 12, 
24, 36, and 48 h). (C) Colony formation assay for 143B cells when cells were treated with different concentrations of actein 
(0, 5, 10, 20, 40, and 80 μM) for 24 h. (D) Colony formation assay for U2OS cells when cells were treated with different 
concentrations of actein for 24 h. * P<0.05 vs. control 143B cells, # P<0.05 vs. control U2OS cells.
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80 μM. In 143B cells, we observed that cells were increasing-
ly accumulated in G0/G1 phase, with the percentage of cells 
in this phase approaching 80% with 80 μM actein administra-
tion. In contrast, cells in S phase and G2/M phase decreased 
dramatically (Figure 2A). Similarly, in U2OS cells, the cell per-
centages in G0/G1 phase increased by 20% and 35% upon 40 
μM and 80 μM actein treatment, respectively. The U2OS cells in 
S phase were dramatically decreased accordingly (Figure 2B). 
All of the results suggest that actein shifted cell cycle from S 
phase and G2/M phase to G0/G1 phase for osteosarcoma cell 
lines in a dose-dependent manner. These observations indi-
cate that actein inhibited cell proliferation, possibly by affect-
ing cell cycle progression in osteosarcoma.

Actein induced cell apoptosis by upregulating the activities 
of caspase-3 and caspase-9

Actein was reported to induce cell apoptosis in breast can-
cer [16]. Thus, we examined the effects of actein on osteosar-
coma cell survival by initially examining the nuclei morphol-
ogy. After exposure to actein for 36 h at various doses (0, 20, 
40, and 80 μM), nuclei of 143B and U2OS cells were crushed 
and fragmented, with the chromatin condensed, as revealed by 
the Hoechst-33258 staining (data not shown). By counting the 
abnormal nuclei, it was shown that, compared to control cells, 
fragmented nuclei in actein-treated 143B cells were increas-
ingly upregulated by approximately 5%, 12%, and 18% with 
20, 40 and 80 μM, respectively, actein treatment (Figure 3A). 
Similar results were also observed in U2OS cells, where cell 
apoptosis rates were dramatically increased from 5% in un-
treated cells to 27% in 80 μM actein-treated cells (Figure 3A). 
Furthermore, using flow cytometry, it was shown that the sur-
vival of 143B cells notably decreased from 90% to 75% upon 
actein administration, whereas the cell percentage in late-stage 
apoptosis increased by up to 20% (Figure 3B). U2OS cells were 

also shown to be apoptotic upon actein treatment in a dose-
dependent manner (Figure 3C). These data jointly reveal that 
actein induced cell apoptosis in osteosarcoma cells.

Thereafter, the relative caspase activity was also determined 
upon actein administration (0, 20, 40, and 80μM). It was shown 
that the activities of caspase-3 and caspase-9 in both 143B 
(Figure 4A) and U2OS cells (Figure 4B) were notably increased 
in a dose-dependent manner. However, the activity of caspase-8 
remained unchanged in both osteosarcoma cell lines. The in-
creased activities of caspase-3 and caspase-9 strongly sup-
port that actein induced cell apoptosis in osteosarcoma cells.

Actein suppressed cell migration and invasion in cultured 
osteosarcoma cell lines

Transwell assays were then conducted to examine the effects 
of actein on cell migration and invasion in human osteosar-
coma. In the migration assay (Figure 5A), the number of 143B 
cells migrated to the lower surface of the membrane fell to 
30% by 40 μM actein administration and even 8% by 80 μM 
actein treatment as compared with untreated control cells. 
Significant decreases in migrated cells were also observed in 
U2OS cells upon actein administration (Figure 5B). Likewise, 
after the upper surface of the membrane was pre-coated 
with Matrigel for 6 h (invasion assay, Figure 5C), cells invad-
ed through the chamber were similarly significantly decreased 
with actein doses increasing in 143B cells, indicating the sup-
pression of invasive ability in 143B cells. Furthermore, the in-
vasive abilities of U2OS cells were also inhibited by 75% and 
95%, after cells were stimulated with 40 μM and 80 μM, re-
spectively, actein relative to controls (Figure 5D). All of these 
data reveal that actein suppressed cell migration and invasion 
in vitro in osteosarcoma.
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Figure 2.  Actein caused cell cycle arrest in G0/G1 phase in osteosarcoma cells. (A) The cell percentage in each cell cycle phase was 
shown after 143B cells were exposed to actein (0, 40, and 80 μM). (B) After receiving the same treatment as 143B cells, 
U2OS cells were subject to cell cycle analysis. The percentage of cells in each cell cycle phase are also shown. * P<0.05 vs. 
control 143B cells, # P<0.05 vs. U2OS cells.
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Discussion

Osteosarcoma is responsible for approximate 20% of all pri-
mary bone sarcomas and is associated with a relatively high 
mortality rate, especially among children and adolescents [17]. 
Osteosarcoma arises within the bones and metastasizes most-
ly to the lungs. The conventional treatment strategy for this 
malignancy is chemotherapy with assistance of surgical resec-
tions [18]. However, the risk adaptation of chemotherapy for 
individuals varies and the satisfaction of postoperative clin-
ical stratification differs due to the differences in tumor size 
and sensitivity of patients to chemotherapy [19]. Therefore, 
identification of novel treatment strategies for osteosarcoma 
remains urgent for doctors and researchers.

The present study aimed to investigate the roles of actein in 
human osteosarcoma growth and metastasis in vitro. It was 
shown in our results that actein could suppress osteosarco-
ma cells proliferation in a dose- and time-dependent manner. 
The colony formation assay also demonstrated that colony 

formation capacity of both cell lines were decreased after 
actein administration. Furthermore, cell migration and invasion 
were also restrained upon actein treatment in a dose-depen-
dent manner. Last but not least, actein increased cell apopto-
sis in osteosarcoma cells by upregulating the activities of cas-
pase-3 and caspase-9. All of these data suggest the inhibitory 
effects of actein in human osteosarcoma. Our findings indi-
cate that actein might function as a therapeutic agent against 
human osteosarcoma due to its critical anti-cancer properties.

The homeostasis in the human body is maintained by the cy-
cle of cell birth, growth, differentiation, and death. Apoptosis 
is one of the most effective pathways to eliminate the harmful 
or unnecessary cells, which is characterized by chromosomal 
DNA fragmentation, nuclear disintegration, and cell shrinkage, 
followed by translocation of the phosphatidyl serine moiety 
and membrane blebbing [20]. The main molecular mechanisms 
of apoptosis include dysregulation of the mitochondrial path-
way, the inactivation of caspase pathway, and the deficiency 
of the death signal pathway [21,22]. To date, 14 mammalian 
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Figure 5.  Actein inhibited cell migration and invasion in both 143B and U2OS cells. (A) Representative photographs of cell migration 
assay for both 143B and U2OS cells are shown. Five fields were randomly chosen for visualization and calculation. 
(B) Quantification of the migrated cells for both cell lines upon actein treatment. (C) Representative photographs of cell 
invasion assay for both 143B and U2OS cells. (D) Quantification of cells invaded through the Matrigel for osteosarcoma cell 
lines upon actein administration. * P<0.05 vs. 143B cells, # P<0.05 in U2OS cells.
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caspases have been identified and can be categorized into 3 
classes: initiator caspases (caspase-8 and caspase-9), effec-
tor caspases (caspase-3), and inflammatory caspases [23,24]. 
Initiator caspases interact with the motifs, including the death 
effector domain (DED) and the apoptotic process begins. In our 
study, we demonstrated that actein administration caused lit-
tle effect on caspase-8 but it notably increased the activity of 
caspase-9 in a dose-dependent manner (Figure 5). Caspase-8 
is always associated with the extrinsic apoptosis pathway, 
while caspase-9 is involved in the intrinsic pathway. Our data 
suggest that the intrinsic apoptosis pathway may be predom-
inant in mediating the cell death caused by actein adminis-
tration. Caspase-3, the most significant executioner caspase, 
can effectively cleave the inhibitor of caspase-activated DNase 
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