
Open Access

   Pak J Med Sci   2017   Vol. 33   No. 1      www.pjms.com.pk   127

INTRODUCTION

 Osteosarcoma, an intra-osseous malignant 
neoplasm, has a bimodal age distribution of 
incidence which is comprised of an adolescent peak 
encountered in about age 15 and an elderly peak 
encountered in about age 75.1 The prognoses of 
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patients diagnosed osteosarcoma are really difficult 
to satisfy, albeit in a somewhat improvement 
over the past several decades indebted to the 
introduction of surgical removal and neoadjuvant 
chemotherapy.2 The development of effective and 
efficient therapeutic strategies is urgently required.
 FA (4-hydroxy-3-methoxycinnamic acid) is 
extracted from some natural plants, such as 
Asafoetida giantfennel, Angelica sinensis, Cimicifuga 
racemosa, Glycyrrhiza uralensis, and Ligusticum 
chuanxiong, which have been employed as the 
traditional Chinese herbs to treat multiple diseases 
for several thousand years.3-5 Recently, numerous 
literatures have demonstrated the antitumor 
activities and protective effects of FA on thyroid 
cancer, prostate cancer, skin carcinogenesis, lung 
cancer, etc.6-9 Whereas the antitumor activities and 
its mechanism of FA in osteosarcoma remain still 
under discussion.
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ABSTRACT
Objective: To explore the promoting apoptosis and antitumor activities of ferulic acid (FA) in human 
osteosarcoma and its potential mechanism.
Methods: The SaOS-2 and MG63 osteosarcoma cell lines were opted to experiment and these cells were, 
respectively, cultured with various concentrations of FA (0 µM, 10 µM, 20 µM, 40 µM) for 72 hours at 
37°C. The viabilities of the FA treated cells were monitored by MTT. Apoptosis cells were evaluated using 
annexin V/PI by flow cytometry. Apoptosis proteins caspase-3, procaspase-3, Bcl-2 and Bax were detected 
by western blot. Expressions of apoptotic genes Bcl-2 and Bax were quantified by qPCR.
Results: The cell viabilities were critically declined in the concentration-dependent manner in FA groups 
(P < 0.01). The apoptosis cells were increased proportionately with the concentration of FA (P < 0.05). The 
procaspase-3 protein contents, and Bcl-2 mRNA and protein contents were significantly decreased while 
caspase-3 protein contents, and Bax mRNA and protein contents were concomitantly increased in the 
concentration-dependent manner in FA groups (P < 0.05). The response to FA by the SaOS-2 osteosarcoma 
cell was similar with the MG63 osteosarcoma cell (P > 0.05).
Conclusion: Ferulic acid could significantly descend osteosarcoma cell viability through the promoting 
apoptosis pathway in which FA activates both caspase-3 and Bax and inactivates Bcl-2.
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 Apoptosis, ultimately resulting in an active and 
programmed demise of the cell, is originally induced 
by all sorts of physiological and pathological 
stimuli, including a broad variety of naturally 
occurring molecules, especially extractions from 
plants. FA has been reported to induce apoptosis 
in TT thyroid cancer cells and LNCaP prostate 
cancer cells.6,7 However, whether FA could promote 
apoptosis in osteosarcoma is still mysterious. In 
this study we investigate the influences of FA on 
apoptosis in osteosarcoma cell lines.

METHODS

 FA, DMEM medium, fetal calf serum (FCS), 
penicillin, streptomycin, EDTA solution and 
other related reagents were obtained from Sigma 
Chemicals Co. FA were dissolved and diluted with 
PBS to the indicated concentration. Annexin V/PI 
apoptosis kit, caspase-3 antibody, Bax antibody, Bcl-
2 antibody, Gapdh antibody, RT-PCR kit, and other 
related reagents were purchased from Oncogene.
 The SaOS-2 and MG63 human osteosarcoma 
cell lines were purchased from China Center for 
Type Culture Collection. The cells were cultured 
in DMEM medium plus 10% FCS, 100 IU/ml 
penicillin and 50 µg/ml streptomycin at 37°C in the 
environments containing 5% CO2 for 24 hours prior 
to experimentation. Then the cells were further 
cultured with various concentrations of FA (0 µM, 
10 µM, 20 µM, 40 µM) for 72 hours at 37°C.
Cell viabilities monitored by MTT: The cell 
suspension containing 1×106 cells/ml were cultured 
in a 96 wells culture plate (100 µl cells suspension 
per well) overnight and further incubated with 10 µl 
MTT (10 mg/ml) for 4 hours at 37°C. The medium 
were centrifuged for 5 minutes at 1000 rpm in 
order to discarding supernatant and the crystals 
were fully dissolved with 200 µl DMSO after 20 
minutes oscillation. The optical density (OD) of 
per well was measured with a spectrophotometer 
(DYNEX Technologies, Denkendorf, Germany) at a 
wavelength of 570 nm.
Apoptosis cell evaluated by flow cytometry: 
Approximately 2 x 106 cells collected and washed 
twice with ice-cold PBS solution were resuspended 
in 500 µl of binding buffer. The cell suspension was 
incubated with 10 µl Annexin V-FITC (20 µg/ml) 
and 5 µl PI (50 µg/ml) for 30 minutes at 20°C in 
the darkness. The quantities of annexin V-positive 
cells of samples were immediately detected and 
calculated by flow cytometry (FACScan, Becton 
Dickinson, Mountain View, CA, USA).
Apoptosis protein detected by western blot: 

The cultured cells were harvested and lysed 
with 200 μl ice-cold PBS plus 1% Triton X-100, 
0.1% SDS, 0.5% sodium deoxycholate, 10 mg/
ml aprotinin, 10 mg/ml leupeptin, and 1 mM 
phenylmethylsulfonylfluoride. After centrifugation 
at 10,000 rpm at 4°C for 10 minutes, the supernatant 
protein was quantified by the Lowry method. Then 
20 µg protein were mixed with SDS-PAGE sample 
buffer and mercaptoethanol to incubation at 100°C 
for 5 minutes, separated by 15% SDS-PAGE and 
transferred to PVDF membrane. The membranes 
blocked in 5% fat-free milk were incubated with 
1:2,000 rabbit polyclonal antihuman caspase-3 
antibody, Bax antibody, Bcl-2 antibody, and 
Gapdh antibody at 20°C for two hours and then 
with 1:3,000 HRP conjugated secondary antibody 
at 20°C for one hours. After membrane was thrice 
washed in TBST for interval of 10 minutes, bands 
of procaspase-3, caspase-3, Bax, Bcl-2, or Gapdh 
protein were visualized with ECL chromogenic 
substrate. The relative levels of these proteins to 
control Gapdh were probed with image J software.
Apoptotic genes expression quantified by qPCR: 
Total RNA were isolated from the cultured cells 
using Trizol reagent, then quantified to 1µg/µl 
by spectrophotometer. First strand cDNA was 
prepared using reverse transcription reaction 
system: 1 µl total RNA, 1 µl reverse transcriptase, 
1 µl oligo (DT), 4 µl 5×RTase buffer, 1 µl Rnasin, 3 µl 
MgCl2 (25 mM), 2 µl dNTPs (10 mM), and 7 µl DEPC 
treated water, then incubated at 370C for 60 minutes 
and inactivated at 930C for 10 minutes. Bax or Bcl-
2 mRNA levels of each cell lines were quantified 
by quantitative real-time PCR (qPCR) utilizing 
RT-PCR kits, in line with the manufacturer’s 
instruction. The primers were designed per PRIMER 
5.0 software and synthesized by Sangon Biotech. 
For Bax, the PCR primers were forward primer 
5’-TTTGCTTCAGGGTTTCATCC-3’ and reverse 
primer 5’-AGACCTGCCGTTGAAGTTGAC-3’. 
For Bcl-2, the PCR primers were forward primer 
5’-GGATGCCTTTGTGGAACTGT-3’ and reverse 
primer 5’-TACTTTGTTTCGACGTCCGA-3’. For 
Gapdh, the PCR primers were forward primer 
5’-TTCACCACCATGGAGAAGGC-3’ and reverse 
primer 5’-GGCATGGACTGTGGTCATGA-3’. 
qPCR analysis was performed with cDNA reaction 
as a template, utilizing the StepOnePlus Real-Time 
PCR System (Applied Biosystems, Foster City, CA, 
USA). The ΔΔCT method using Gapdh as a reference 
was utilized to compute the relative expression of 
Bcl-2 or Bax. The procedure was entirely repeated 
thrice using independent samples.
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Statistical Analysis: SPSS 15.0 software package 
was utilized for statistical analysis. Statistical 
significance was determined using one-way 
ANOVA. The P value less than 0.05 was considered 
to be statistically significant.

RESULTS

 The OD values of the various concentrations of FA 
group were gradually diminished. The viability and 
metabolism of cells were significantly descended in 
the concentration-dependent manner. Cells of the 
control group (0 µM FA) still maintain higher viabil-
ity and metabolism. There were significant differenc-
es in four groups of each cell line (P < 0.01). (Fig.1)
 The apoptotic cells detected by flow cytometry 
had demonstrated that there were significantly 

increased in the population of apoptotic cells of the 
FA group compared to the control group (P < 0.05). 
The apoptotic cells treated to various concentrations 
of FA had gradually increased in the concentration-
dependent manner (P < 0.05). (Fig.2)
 At 72 hours post-exposure, apoptotic protein 
procaspase-3 holoenzyme was activated and 
cleaved the p17 cleavage product, which were both 
recognized by a caspase-3 antibody. The quantities 
of the 32 kDa procaspase-3 protein were 
significantly decreased and the 17 kDa caspase-3 
protein contents were simultaneously increased 
in FA group compared to the control group (P < 
0.05). In some similar manner, Bax protein contents 
were significantly increased and Bcl-2 protein 
contents were concomitantly decreased in FA 
group compared to the control group (P < 0.05). 
All changes were happened in the concentration-
dependent manner. (Fig.3)

Fig.2: The apoptotic cells of osteosarcoma cell lines treated to FA.

Fig.1: The cell viabilities of osteosarcoma cell 
lines after exposure to FA.

Fig.3: The apoptotic protein procaspase-3, caspase-3, 
Bcl-2 and Bax in osteosarcoma cell lines cultured with FA.
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 According to qPCR analysis, the expression of 
Bcl-2 in FA groups were reduced while Bax were 
correspondingly increased, and the differences 
were statistically significant (P < 0.05). These 
alterations in various concentrations of FA groups 
were occurred in the concentration- dependent 
manner. (Fig.4)

DISCUSSION

 FA, a phenolic compound which is abundant in 
cereal grains, vegetables, fruits and herbs, exerts 
the multifarious biological activities. FA could 
get the antioxidant activity in human dermal 
fibroblasts via increasing quantities of heat shock 
protein-70 and heme oxygenase-1 and decreasing 
lipid oxidation and hydrogen peroxide-induced 
protein.10 FA exhibits anti-inflammatory activity by 
modulating of dendritic cells functions to restore 
Th1/Th2 imbalance in the asthmatic mouse model.3 
FA may modulate the status of lipid per-oxidation 
and antioxidants to contribute to anti-proliferative 
activity during the 7,12-dimethylbenz[a] 
anthracene-induced skin carcinogenesis.8 FA 
shows cytotoxicity and apoptosis activity through 
prompting oxidative DNA breakage enhanced by 
endogenous copper to kill SiHa cervical cancer 
cells and HepG2 hepatocellular carcinoma cells 
without affecting normal cells.11 In this study, both 
SaOS-2 and MG63 cell viabilities were significantly 
decreased due to exposure to FA.
 Caspases, a family of cysteine-dependent 
aspartate-specific proteases possessing capability 
of cleaving proteins at aspartic acid residues, are 
divided into initiator caspase and executioner 
caspase which are inactive without stimulant.12 Once 
initiator caspase becomes activated and directly 
cleaves executioner procaspase-3 into caspase-3, 

degradation of chromosomal DNA initiated 
ultimately leads to an irreversible cell death.13 
The apoptosis triggered by FA may be associated 
with caspase-3 activation, since a decrease of 
procaspase-3 accompanied with an increase of 
caspase-3 are discovered in MLTC-1 tumoral cells 
and TM-3 Leydig cells treated FA.14 The apoptosis is 
stimulated by the significantly increased expression 
of caspase-3 in FA treated MIA PaCa-2 pancreatic 
cancer cells.15 It is discovered that caspase-3 was 
up-regulated in T24 bladder cancer cells cultured 
with FA.16 This study demonstrates the similar 
phenomenon in SaOS-2 and MG63 cell lines, which 
indicates FA promotes apoptosis through caspase-3 
activation.
 Bcl-2 has the capability to inhibit apoptosis 
through blocking the activation of the mitochondrial 
caspase-3 activated by various pro-apoptotic 
stimuli.17 The high expression of Bcl-2 inhibiting 
apoptosis may be closely associated with the degree 
of malignancy, lower long-term survival rate and 
the occurrence of osteosarcoma.18 The previous 
literature has reported that FA promotes apoptosis to 
display the antitumor activities through significant 
decreases in expression of Bcl-2 genes in LNCaP 
prostate cancer cells.7 According to the function, 
Bcl-2 family has another category members, like 
Bax, which promote the apoptosis.19 FA induced 
an increased expression of Bax accompanied with a 
significant decreased expression of Bcl-2 in the MIA 
PaCa-2 cells.15 It is reported that FA could increase 
expression of Bax with concomitant decreased Bcl-2 
in the photocarcinogenesis progress of male Swiss 
albino mice skin.20 It is also discovered that Bax was 
prominently up-regulated while Bcl-2 was down-
regulated in T24 bladder cancer cells cultured 

Fig.4: The expression of Bcl-2 and Bax in osteosarcoma cell lines exposed to FA.
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with FA.16 In this paper, it is demonstrated that 
Bcl-2 mRNA and proteins are decreased and Bax 
simultaneously increased in the FA treated SaOS-2 
and MG63 cells compared with the control group.

CONCLUTION

 The results of this study have elucidated that 
FA could promote apoptosis through activated 
both caspase-3 and Bax and inactivated Bcl-2, and 
significantly descend cell viabilities in both SaOS-
2 and MG63 osteosarcoma cell lines. Although the 
molecular mechanisms of this necessitate further 
studies, FA is expected to become an attractive 
and effective material of therapeutic strategies of 
osteosarcoma.

Acknowledgement: Our thanks for all our 
colleagues’ valuable suggestions and discussion.

Declaration of interest: The authors have no conflict 
of interest regarding any part in this article.

REFERENCES
1. Mirabello L, Troisi RJ, Savage SA. Osteosarcoma 

incidence and survival rates from 1973 to 2004. Cancer. 
2009;115(7):1531-1543. doi:10.1002/cncr.24121.

2. Teng JW, Yang ZM, Li J, Xu B. Predictive role of Glutathione 
S-transferases (GSTs) on the prognosis of osteosarcoma 
patients treated with chemotherapy. Pak J Med Sci. 
2013;29(5):1182-1186. doi: 10.12669/pjms.295.3870.

3. Lee CC, Wang CC, Huang HM, Lin CL, Leu SJ, Lee YL. Ferulic 
acid Induces Th1 responses by modulating the function 
of dendritic cells and ameliorates Th2-mediated allergic 
airway inflammation in mice. Evid Based Complement 
Alternat Med. 2015;2015:678487. doi:10.1155/2015/678487

4. Wang S, Gao Z, Chen X, Lian X, Zhu H, Zheng J, et al. The 
anticoagulant ability of ferulic acid and its applications for 
improving the blood compatibility of silk fibroin. Biomed 
Mater. 2008;3(4):044106. doi:10.1088/1748-6041/3/4/044106

5. Zhao J, Wang D, Duan S, Wang J, Bai J, Li W. Analysis of 
fuzhisan and quantitation of baicalin and ginsenoside Rb(1) 
by HPLC-DAD-ELSD. Arch Pharm Res. 2009;32(7):989-996. 
doi:10.1007/s12272-009-1703-2

6. Dodurga Y, Eroglu C, Secme M, Elmas L, Avci CB, Satiroglu-
Tufan NL. Anti-proliferative and anti-invasive effects of 
ferulic acid in TT medullary thyroid cancer cells interacting 
with URG4/URGCP. Tumour Biol. 2016;37(2):1933-1940. 
doi:10.1007/s13277-015-3984-z

7. Eroğlu C, Seçme M, Bağcı G, Dodurga Y. Assessment of 
the anticancer mechanism of ferulic acid via cell cycle and 
apoptotic pathways in human prostate cancer cell lines. 
Tumor Biology. 2015;36(12):9437-9446. doi:10.1007/s13277-
015-3689-3

8. Alias LM, Manoharan S, Vellaichamy L, Balakrishnan 
S, Ramachandran CR. Protective effect of ferulic acid 
on 7,12-dimethylbenz[a]anthracene-induced skin 
carcinogenesis in Swiss albino mice. Exp Toxicol Pathol. 
2009;61(3):205-214. doi:10.1016/j.etp.2008.09.001

9. Shuman Moss LA, Jensen-Taubman S, Rubinstein D, 
Viole G, Stetler-Stevenson WG. Dietary intake of a plant 
phospholipid/lipid conjugate reduces lung cancer growth 
and tumor angiogenesis. Carcinogenesis. 2014;35(7):1556-
1563. doi:10.1093/carcin/bgu039

10. Calabrese V, Calafato S, Puleo E, Cornelius C, Sapienza 
M, Morganti P, et al. Redox regulation of cellular stress 
response by ferulic acid ethyl ester in human dermal 
fibroblasts: role of vitagenes. Clin Dermatol. 2008;26(4):358-
363. doi:10.1016/j.clindermatol.2008.01.005

11. Sarwar T, Zafaryab M, Husain MA, Ishqi HM, Rehman SU, 
Rizvi MM, et al. Redox cycling of endogenous copper by 
ferulic acid leads to cellular DNA breakage and consequent 
cell death: a putative cancer chemotherapy mechanism. 
Toxicol Appl Pharmacol. 2015;289(2):251-261. doi:10.1016/j.
taap.2015.09.018

12. Spencer SL, Sorger PK. Measuring and modeling apoptosis 
in single cells. Cell. 2011;144(6):926-939. doi:10.1016/j.
cell.2011.03.002

13. Elmore S. Apoptosis: a review of programmed 
cell death. Toxicol Pathol. 2007;35(4):495-516. 
doi:10.1080/01926230701320337

14. Cione E, Tucci P, Senatore V, Perri M, Trombino S, Iemma 
F, et al. Synthesized esters of ferulic acid induce release 
of cytochrome c from rat testes mitochondria. J Bioenerg 
Biomembr. 2008;40(1):19-26. doi:10.1007/s10863-007-9097-7

15. Fahrioglu U, Dodurga Y, Elmas L, Secme M. Ferulic acid 
decreases cell viability and colony formation while inhibiting 
migration of MIA PaCa-2 human pancreatic cancer cells 
in vitro. Gene. 2016;576(1 Pt 3):476-482. doi:10.1016/j.
gene.2015.10.061

16. Peng CC, Chyau CC, Wang HE, Chang CH, Chen KC, 
Chou KY, et al. Cytotoxicity of ferulic acid on T24 cell line 
differentiated by different microenvironments. Biomed Res 
Int. 2013;2013:579859. doi:10.1155/2013/579859

17. Marie Mancini DWN, Roy S, Thornberry NA, Peterson EP, 
Casciola-Rosen LA, Rosen A. The caspase-3 precursor has 
a cytosolic and mitochondrial distribution: implications for 
apoptotic signaling. J Cell biol. 1998;140(6):1485-1495.

18. Wu X, Cai ZD, Lou LM, Zhu YB. Expressions of p53, c-MYC, 
BCL-2 and apoptotic index in human osteosarcoma and their 
correlations with prognosis of patients. Cancer Epidemiol. 
2012;36(2):212-216. doi:10.1016/j.canep.2011.08.002

19. Kale J, Liu Q, Leber B, Andrews DW. Shedding light on 
apoptosis at subcellular membranes. Cell. 2012;151(6):1179-
1184.doi:10.1016/j.cell.2012.11.013

20. Ambothi K, Prasad NR, Balupillai A. Ferulic acid inhibits 
UVB-radiation induced photocarcinogenesis through 
modulating inflammatory and apoptotic signaling in 
Swiss albino mice. Food Chem Toxicol. 2015;82:72-78. 
doi:10.1016/j.fct.2015.04.031

Authors’ Contribution:

Xu-dong Zhang: Conceived, designed, edited for 
intellectual contents and final approval.
Qiang Wu: Acquisition of data, statistical analysis, 
editing and final approval.
Shu-hua Yang: Wrote manuscript, literature review 
and final approval of manuscript.


	OLE_LINK8
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK10
	OLE_LINK9
	OLE_LINK1
	OLE_LINK2
	OLE_LINK11
	OLE_LINK12
	_GoBack
	OLE_LINK19
	OLE_LINK20
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK5
	OLE_LINK39
	OLE_LINK40
	OLE_LINK29
	OLE_LINK30
	OLE_LINK3
	OLE_LINK4
	_GoBack
	OLE_LINK1
	page3
	page4
	page5
	page6
	page7
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK226
	OLE_LINK227
	OLE_LINK22
	OLE_LINK21
	OLE_LINK121
	OLE_LINK120
	OLE_LINK52
	OLE_LINK53
	OLE_LINK9
	OLE_LINK10
	OLE_LINK54
	OLE_LINK55
	OLE_LINK110
	OLE_LINK111
	OLE_LINK47
	OLE_LINK48
	OLE_LINK119
	OLE_LINK128
	OLE_LINK176
	OLE_LINK177
	OLE_LINK136
	OLE_LINK137
	OLE_LINK141
	OLE_LINK140
	OLE_LINK235
	OLE_LINK236
	_GoBack
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	OLE_LINK11
	OLE_LINK10
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK24
	OLE_LINK25
	OLE_LINK20
	OLE_LINK21
	OLE_LINK33
	OLE_LINK32
	OLE_LINK35
	OLE_LINK34
	_GoBack
	OLE_LINK58
	OLE_LINK57
	_ENREF_2
	_ENREF_3
	_ENREF_5
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK6
	OLE_LINK5
	OLE_LINK3
	OLE_LINK4
	OLE_LINK7
	OLE_LINK10
	OLE_LINK8
	OLE_LINK9
	OLE_LINK11

