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Summary

Purpose: Oridonin, a diterpenoid, has been reported to 
exhibit anticancer activity against a wide range of cancer 
types.In this study, the effect Oridonin was examined against 
human osteosarcoma cells.

Methods: The human osteosarcoma cells U2OS were treated 
with various concentrations of Oridonin from 0-200 μM for 
24 h. The anti-proliferative effects of Oridonin were measured 
by cell viability assay. DAPI and annexin V/propidium io-
dide (PI) assays were employed to examine the induction of 
apoptosis. Transwell assay was performed to examine the cell 
migration and invasion. Expression analysis was performed 
by western blot.

Results: Oridonin inhibited the proliferation of U2OScells 
and exhibited an IC50 of 30 μM. The antiproliferative ef-
fects were mainly found to be due to induction of apoptosis 

as indicated by DAPI staining. Moreover, the annexin V/PI 
staining showed that the percentage of the apoptotic cells 
increased with increase in the concentration of Oridonin. The 
induction of apoptosis was also related with upregulation 
of Bax, Caspase 3 and 9 expression and downregulation of 
Bcl-2. Oridonin was also found to cause significant decrease 
in the expression of MMP-2, 3 and 9 concentration-depend-
ently. Transwell assay showed that Oridonin inhibited the 
migration and invasion of the U2OS cells.

Conclusion: It is concluded that Oridonin exhibits signifi-
cant antiproliferative effects on the osteosarcoma cells and 
may prove essential in the development of systemic therapy 
for osteosarcoma.
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Introduction

 Osteosarcoma is a malignant bone tumor which 
threatens the life of children and adolescent world-
wide. It is characterized as highly aggressive and 
it has been found that the pulmonary metastases 
is the major cause for death [1]. Many modern and 
advanced medications were used to enhance the 
survival of osteosarcoma patients but the strength 
of the currently available treatments is very limited 
because of drug resistance and relapses [2]. Studies 

have reported that about 30% of osteosarcomas are 
multidrug-resistant[3]. Many reports established a 
relationship between the fast bone growth during 
the development of osteosarcoma andpubescence. It 
has been shown that 56% of all the osteosarcomas 
are found around the knees [4].Oridonin, a diter-
penoid extracted from the medicinal herb Rabdo-
siarubescens, has been reported to exhibit antipro-
liferative effects on several types of cancerssuch as 
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breast cancer [5,6].However, the anticancer effects 
of Oridonin have not been examined against os-
teosarcoma cells. In this work, we aimed to study 
the suppressive effect of Oridonin on osteosarcoma 
U2OS cell line in vitro and to investigate the mecha-
nism underlying this suppressive effect. Moreover, 
the effects of oridonin were also examined on the 
STAT3 signalling pathway.

Methods 

Chemicals and reagents

 Oridonin was procured from AMSBIO (Cambridge, 
MA, USA). All other substances used to carry out this 
work were purchased from Sigma Aldrich Company 
(Sigma-Aldrich, St. Louis, USA). Stock solution of Ori-
donin was prepared to the final concentration of 200 
µg/ml using the Dulbecco’s modified Eagle’s medium 
(Invitrogen Life Technologies, Massachusetts, USA) and 
kept at -20°C in refrigerator. The solution was sterile-
filtered and aliquoted before stored for experimental use 
for further studies.

Cell culture

 The osteosarcoma cell line U2OS cells were pur-
chased from the Cell Bank of Type Culture Collection 
of Chinese Academy of Sciences (CBTCCCAS, Shang-
hai, China). U2OS cells were cultured using Dulbecco’s 
Modified Eagle Medium (DMEM) composed of 10% fe-
tal bovine serum (FBS),1 mM L-glutamine, 1% HEPES 
buffer, 100 µg/ml streptomycin and 100 U/ml penicillin 
(all obtained from Gibco Laboratories, Maryland, USA) 
at 37°C and 5% CO2. The percentage of passage cells 
were maintained at a confluence of 80-85% and the cell 
culture medium was changed every 24 h.

Proliferation and colony formation assay

 The WST-1 (Roche, Mannheim, Germany) based 
cytotoxicity assay was carried out to measure the toxic-
ity associated with the treatment of Oridonin. In this 
experiment, U2OS cells were seeded at a density of 2×105 
and 3×106 respectively, in 100 µl culture medium in 48-
well plates and were cultured for one day. Cells were 
then treated with various Oridonin concentrations and 
incubated for 48 h. After incubation, WTS-1 reagent (25 
µl) was added in both sets and further incubated for the 
next 2 h. Absorption was then measured at 450 nm with 
a reference wavelength of 695 nm. The colony formation 
assay was performed as previously described [9].

Apoptosis assay

 The osteosarcoma U2OS cells (0.6×106) were grown 
in 6-well plates and incubated for around 12 h. The U2OS 
cells were then subjected to Oridonin treatment for 24 
h at 37°C. As the cells sloughed off, 25 µl cell culture 
were put onto glass slides and subjected to staining 
with DAPI. The slides were covered with coverslip and 
examined with a fluorescent microscope. Annexin V/PI 
staining were performed as previously described [10].

Cell migration and invasion assay

 The migration and invasion abilities of the Ori-
donin-treated U2OS cells were examined by transwell 
chamber assay. In brief, 1×104 U2OS cells were seeded in 
the upper chamber of the transwell(8 µm pore size poly-
carbonate filters). This was followed by placement of the 
chambers into 24-well plates and subjected to incubation 
at 37°C for 48 h. However, in case of invasion assay, the 
inserts were coated with extracellular matrix gel (50 µl) 
(ECM, Sigma, USA). Swabbing was performed to remove 
the non-migrated and non-invaded cells from the upper 
surface. However, the migrated and invaded cells on the 
lower surface were subjected to fixation with methanol 
for about 35 min, and stained with crystal violet (0.5%) 
for about 50 min, subjected to washing with phosphate 
buffered saline (PBS) and finally counted under light mi-
croscope (5 fields). 

Western blotting

 The Oridonin-treated U2OS cells were subjected 
to washing with ice-cold PBS and suspended in a lysis 
buffer at 4°C and then shifted to 95°C. Thereafter, the 
protein content of each cell extract was checked by Brad-
ford protein assay. About, 40 µg of protein were loaded 
from each sample and separated by SDS-PAGE before 
being shifted to polyvinylidene fluoride membrane. The 
membranes were then subjected to treatment with tris 
buffered saline (TBS) and exposed to primary antibody at 
4°C. Thereafter, the cells were treated with appropriate 
secondary antibodies and the proteins of interest were 
visualized by enhanced chemiluminescence reagent.

Figure 1. A: Chemical structure of oridonin. B: Effect of 
oridonin on the viability of U2OS cells as determined by 
WST-1 assay. The values are mean of three experiments ± 
SD (*p< 0.05). 
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Statistics

 The results from real-time PCR quantification and 
the enzyme-linked immunosorbent assay were analyzed 
by using GNU PSPP software (Free Software Foundation, 
Inc., USA). T-tests were used for unpaired compounds. 
All the results are shown as mean±standard deviation 
(SD) and the p value of <0.05 was considered statistically 
significant.

Results

Oridonin inhibited the proliferation and colony forma-
tion of the U2OS cells 

 The antiproliferative effects of Oridonin (Fig-
ure 1A) were assessed on the osteosarcoma cell 
line U2OS by WST-1 assay. It was found that U2O-
Sexerted antiproliferative effects on the U2OS cells 
and exhibited an IC50 of 30µM (Figure 1B). Fur-
thermore, it was found that the anticancer effects 
of Oridonin on the U2OS osteosarcoma cells were 
concentration-dependent and Oridonin also caused 
change in the morphology of the U2OS cells (Fig-
ure 2). The results of the colony formation assay 
showed that Oridonin inhibited the colony develop-
ment of the U2OS cells concentration-dependently 
(Figure 3).

Oridonin induced apoptosis in osteosarcoma cells

 To ascertain if Oridonin prompts apoptosis 
in the U2OS cells, DAPI staining was performed 
which showed remarkable changes in the nuclear 
morphology and membrane blebbing of the U2OS 
cells (Figure 4). The percentage of the apoptotic 
U2OS cells was determined by Annexin V/PI stain-
ing which showed that the apoptotic cell percent-
age increased from 1.14% in the control to 21.94% 
at 60 µM of Oridonin (p<0.05) (Figure 5). The apo-
ptosis was further confirmed by the increased ex-
pression of Caspase 3, 9 and Bax and decreased 
expression of the Bcl-2 in U2OS cells (Figure 6). 

Figure 2. Effect of oridonin on the morphology of the U2OS 
cells at indicated concentrations. The Figure shows that 
oridonin causes morphological changes in the U2OS cells in 
a concentration-dependent manner. The experiments were 
performed in triplicate.

Figure 3. Effect of oridonin on the colony formation of 
the U2OS cells at indicated concentrations as determined 
by colony formation assay. The Figure shows that oridonin 
inhibits the colony formation of the U2OS cells in a con-
centration-dependent manner. The experiments were per-
formed in triplicate.

Figure 4. Oridonin induces apoptosis in the U2OS cells as 
indicated by DAPI staining. The Figure shows that oridonin 
causes apoptotic cell death in U2OS cells in a concentra-
tion-dependent manner. The experiments were performed 
in triplicate.
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Oridonin inhibited the migration and invasion of 
U2OS cells

 The effects of Oridonin were also investigated 
on the migration and invasion of U2OS cells by 
transwell assay. It was found that Oridonin could 
inhibit the migration and invasion of the U2OS 
cells concentration-dependently (Figure 7). 

Oridonin inhibited the matrix metalloproteinase 
(MMP) expression and STAT3 signalling pathway

 Next, we sought to know the effects of Ori-
donin on the expression of MMPs. It was found 
that Oridonin inhibited the expression of MMP-2, 3 
and 9 in a concentration-dependent manner (Figure 
8). The effects of Oridonin were also examined on 
the STAT3 signalling pathway which revealed that 
Oridonin caused concentration-dependent decline 

Figure 5. Determination of the percentage of the apoptotic 
cell populations as determined by Annexin V/PI staining. 
The Figure shows that oridonin increases the percentage 
of the apoptotic U2OS cells in a concentration-dependent 
manner. The experiments were performed in triplicate. 

Figure 6. Effect of oridonin on the expression of Bax, Bcl-
2, Caspase-3 and 9 expression as indicated by western blot 
analysis. The Figure shows that the expression of Bcl-2 is 
decreased, the expression Bax is increased and the cleavage 
of caspase-3 and 9 is also increased upon oridonin treat-
ment. The experiments were performed in triplicate. 

Figure 7. Inhibition of (A) cell migration and (B) invasion by oridonin at 30 µM concentrations as depicted by transwell 
assay. The values are mean of three experiments ± SD (*p< 0.05). 
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in the phosphorylation of p-STAT3 (Tyr 705) and 
p-STAT3 (Ser 727) while total STAT3 remained un-
altered in U2OS cells (Figure 9). 

Discussion

 Osteosarcoma causes significant mortality 
world over and the treatments available are not 
efficient and are associated with a number of side 
effects [11]. There is therefore an urgent need to 
look for new therapeutic agents that could be uti-
lized to treat osteosarcoma efficiently. Herein, we 
examined the anticancer effects of Oridonin on 
the U2OS osteosarcoma cells. The results revealed 
that Oridonin inhibited the growth of the osteosar-

coma cells in a concentration-dependent manner 
and also halted their ability to develop colonies. 
Previous studies have shown that Oridonin could 
inhibit the growth of several types of cancers such 
as leukemia, pancreatic cancer and gastric cancer 
[12-14]. Further studies have also shown that Ori-
donin induces apoptosis in cancer cells. For exam-
ple, Oridonin has been reported to induce apop-
tosis in colorectal cancer cells [15]. Therefore, we 
investigated if Oridonin also induces apoptosis in 
the U2OS osteosarcoma cells. The results of DAPI 
and annexin V/PI showed that Oridonin induced 
apoptosis in the U2OS cells and the percentage of 
the apoptotic cells increased as the concentration 
of Oridonin increased. Apoptosis is an important 
process that helps to kill the harmful and cancer 
cells and several known anticancer drugs induce 
apoptosis in the cancer cells [16]. The Oridonin-
induced apoptosis was also associated with con-
comitant increase in the expression of the cleaved 
caspase-3, 9 and Bax and downregulation of Bcl-
2 which are the important markers for apoptosis 
[17]. Osteosarcoma cells have the capacity to in-
vade neighboring tissues and undergo metastasis 
[18] and hence we examined the effect of Oridonin 
on the migration and invasion of the U2OS cells. 
Interestingly, it was found that Oridonin could sup-
press the migration and invasion of U2OS cells, 
concomitant with downregulation of MMP-2, 3 and 
9 expression. STAT3 transduction pathway is an 
important pathway that has been reported to be 
dysregulated in cancer cells [19] and in this study 
we found that Oridonin inhibited the phosphoryla-
tion of the U2OS osteosarcoma cells.

Conclusion

 It is concluded that Oridonin exhibits signifi-
cant anticancer effects on the osteosarcoma cells 
via induction of apoptosis. In addition, Oridonin 
also inhibited the migration and invasion of os-
teosarcoma cells by modulating the expression of 
metalloproteinases. Therefore, Oridonin may prove 
beneficial in the management of osteosarcoma.
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Figure 8. Effect of oridonin on the expression of MMP-2, 
3 and 9 at indicated concentrations as depicted by west-
ern blot analysis. The Figure shows that the expression of 
MMP-2, MMP-3 and MMP-9 is decreased upon oridonin 
treatment in U2OS cells. The experiments were performed 
in triplicate. 

Figure 9. Effect of oridonin on STAT3 pathway at indi-
cated concentrations as depicted by western blot analysis. 
The Figure shows that the phosphorylation of STAT3 is 
inhibited upon oridonin treatment. The experiments were 
performed in triplicate.

References

1. Mueller F, Fuchs B, Kaser-Hotz B. Comparative biol-
ogy of human and canine osteosarcoma. Anticancer Res 
2007;27:155-64.

2. Clark JC, Dass CR, Choong PF. A review of clinical and 
molecular prognostic factors in osteosarcoma. J Cancer 
Res Clin Oncol 2008;134:281-97.



Oridonin activity in osteosarcoma1180

JBUON 2019; 24(3): 1180

3. Marina N, Gebhardt M, Teot L,Gorlick R. Biology and 
therapeutic advances for pediatric osteosarcoma. On-
cologist 2004;9:422-41.

4. Changshui Y, Wenbo W. Relationship between P15 gene 
mutation and formation and metastasis of malignant 
osteosarcoma. Med Sci Monit2016;22:656-61.

5. Zhao YJ, Lv H, Xu PB et al. Protective effects of ori-
donin on the sepsis in mice. Kaohsiung JMed Sci 
2016;32:452-7.

6. Cui Q, Tashiro SI, Onodera S, Minami M, Ikejima T. 
Autophagy preceded apoptosis in oridonin-treated 
human breast cancer MCF-7 cells. BiolPharmac Bull 
2007;30:859-64.

7. Siveen KS, Sikka S, Surana R. Targeting the STAT3 sign-
aling pathway in cancer: role of synthetic and natural 
inhibitors. BiochimicaBiophysica Acta. 2014;1845:136-
54.

8. Yu H, Pardoll D, Jove R. STATs in cancer inflamma-
tion and immunity: a leading role for STAT3. Nat Rev 
Cancer 2009;9:798.

9. Zhi C, Jingdong W, Qinghao G.Actein inhibits cell pro-
liferation and migration in human osteosarcoma. Med 
Sci Monit 2016;22:1609-16.

10. Zhang JX, Wei Tan H, Hu CY et al. Anticancer activity 
of 23, 24-dihydrocucurbitacin B against the HeLa hu-
man cervical cell line is due to apoptosis and G2/M 
cell cycle arrest. ExperimTherapMed 2018;15:2575-
82.

11. Hua F, Li CH, Chen XG, Liu XP. Daidzein exerts anti-
cancer activity towards SKOV3 human ovarian cancer 

cells by inducing apoptosis and cell cycle arrest, and 
inhibiting the Raf/MEK/ERK cascade. IntJMolMed 
2018;41:3485-92.

12. Liu JJ, Huang RW, Lin DJ et al. Oridonin-induced apop-
tosis in leukemia K562 cells and its mechanism. Neo-
plasma 2005;52:225-30.

13. Bu HQ, Liu DL, Wei WT et al. Oridonin induces apo-
ptosis in SW1990 pancreatic cancer cells via p53-and 
caspase-dependent induction of p38 MAPK. Oncol Rep 
2014;31:975-82.

14. Sun KW, Ma YY, Guan TP et al. Oridonin induces apo-
ptosis in gastric cancer through Apaf-1, cytochrome c 
and caspase-3 signaling pathway. World JGastroenterol 
2012;18:7166.

15. Gao FH, Hu XH, Li W et al. Oridonin induces apoptosis 
and senescence in colorectal cancer cells by increasing 
histone hyperacetylation and regulation of p16, p21, 
p27 and c-myc. BMC Cancer 2010;10:610.

16. Hickman JA. Apoptosis induced by anticancer drugs. 
Cancer Metastasis Rev 1992;11:121-39.

17. Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis 
2000;21:485-95.

18. Osaki M, Takeshita F, Sugimoto Y et al. MicroRNA-143 
regulates human osteosarcoma metastasis by regulat-
ing matrix metalloprotease-13 expression. MolecTher 
2011;19:1123-30.

19. Corvinus FM, Orth C, Moriggl R et al. Persistent 
STAT3 activation in colon cancer is associated with 
enhanced cell proliferation and tumor growth. Neo-
plasia 2005;7:545-55.


