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Purpose: The long-term survival rate of osteosarcoma, which is the most common type of 
primary malignant bone tumor, has stagnated in past decades. Acacetin is a natural flavonoid 
compound that has antioxidative and anti-inflammatory effects and exhibits extensive ther
apeutic effects on various cancers. In this study, the anticancer potential of acacetin and the 
underlying molecular mechanisms were examined in human osteosarcoma cells (SJSA and 
HOS).
Materials and Methods: HOS and SJSA cell lines were exposed to different concentra
tions of acacetin. Cell proliferation and viability were assessed by CCK-8 and colony- 
formation assays. Hoechst 33258 fluorescent staining was employed to detect apoptosis. 
Cell apoptosis was measured by an annexin V-FITC/PI assay by flow cytometry. The 
alteration in the mitochondrial membrane potential was detected by a JC-1 Assay Kit. 
Apoptosis-related protein expression was determined by Western blotting. Intracellular 
reactive oxygen species (ROS) production was detected by fluorescence microscopy and 
flow cytometry. Subsequently, the activation of the ROS/JNK signaling pathway was 
investigated.
Results: Acacetin could inhibit proliferation and induce apoptosis in SJSA and HOS cells. 
The acacetin treatment resulted in the activation of caspase-3, −8, and −9 and cleaved PARP. 
Further studies showed that acacetin-induced apoptosis was attributed to ROS. In addition, 
we found that acacetin induced the activation of the downstream c-Jun N-terminal kinase 
(JNK) signaling pathway. Subsequently, after treatment with the ROS scavenger GSH and 
the JNK inhibitor SP600125, the apoptosis-inducing effect triggered by acacetin was sig
nificantly attenuated.
Conclusion: The results of the present study indicate that acacetin may induce apoptosis to 
inhibit cell growth by activating the ROS/JNK signaling pathway in SJSA and HOS cells, 
suggesting that acacetin may be a promising candidate for the management of 
osteosarcomas.
Keywords: acacetin, osteosarcoma, apoptosis, ROS/JNK activation

Introduction
Osteosarcoma (OS) is the most common type of primary malignant bone tumor, 
predominately affects the rapid growth of bones in children and adolescents, and 
accounts for approximately 15% of all bone malignancies.1 The 5-year survival rate 
of OS has been greatly improved to approximately 60–70% due to the use of 
neoadjuvant chemotherapy in combination with surgery.2 However, the long-term 
survival rate of patients has not been further improved in recent decades due to 
local relapse or early lung metastasis even after curative excision of the primary 
tumor and intensive chemotherapy.3 Thus, novel pharmacological molecules or 
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strategies for OS and the further elucidation of the under
lying molecular mechanism are urgently needed to 
improve patient survival.4

Currently, Chinese herbal medicine monomers have 
received increasing attention from scientists. Due to their 
safety and effectiveness, Chinese herbal medicine mono
mers have emerged as an important source of drugs and 
lead compounds.5 Flavonoids are a part of our daily diet 
and have been extensively studied due to their pharmaco
logical properties against many diseases, including cancer; 
previous studies have suggested that Chinese herbal med
icine monomers can be used as chemopreventive and 
adjuvant agents. Acacetin (5,7-dihydroxy-40 –methoxyfla
vone) is a natural flavonoid compound with antioxidative 
and anti-inflammatory effects that exhibits extensive ther
apeutic effects on many cancers, including OS.5–14 

However, to date, its detailed mechanism in OS has not 
been studied.

Apoptosis refers to the autonomic and orderly death of 
cells controlled by genes to maintain the stability of the 
internal environment. Apoptosis involves the activation, 
expression and regulation of a series of genes.15 

Similarly, apoptosis is the main mechanism that induces 
OS cell death. Recent research has found that many factors 
play an important role in the regulation of osteosarcoma 
cell apoptosis.16 Although the detailed mechanism of the 
apoptosis process is not fully understood, it has been 
determined that caspase plays an essential role in the 
process of apoptosis. Mitochondria are the control center 
of cell life activities. Experiments have shown that the 
release of cytochrome C from mitochondria is a key step 
in cell apoptosis.17

Reactive oxygen species (ROS) have been proven to be 
a trigger or mediator of members of the mitogen-activated 
protein kinase (MAPK) family and play an important role 
in various common biochemical reactions and pathological 
progress.16 A moderate increase in ROS can promote cell 
proliferation and differentiation, while excessive ROS can 
interfere with cell signaling pathways by causing oxidative 
damage to lipids, proteins and DNA.18,19 Several apoptotic 
effectors, including caspases, Bcl-2, and cytochrome c, are 
markedly regulated by cellular ROS.20 The c-Jun- 
N-terminal kinase (JNK) of the MAPK family is essential 
for many cell processes and plays an important role in 
stress responses, such as inflammation and apoptosis. The 
targeted activation of the ROS/JNK signaling cascade to 
induce OS cell apoptosis plays an important role in 
treatment.21

In this work, we aimed to investigate the underlying 
molecular pathways by which acacetin induces apoptosis 
in OS cells via the ROS/JNK signaling cascade. Our data 
suggest that acacetin is a promising candidate for the 
management of OS.

Materials and Methods
Materials and Reagents
Acacetin was obtained from Shanghai Tongtian 
Biotechnology, Ltd. (Shanghai, China). A stock solution 
of 20 mM was generated with DMSO (Sigma, St. Louis, 
MO, USA) and stored in the dark at −20 °C. DMSO was 
included in the 0 μM group at the same concentration as in 
the treated cells. Doxorubicin was obtained from Shanghai 
Tongtian Biotechnology, Ltd. The CCK8 (Cell Counting 
Kit-8) and Annexin V-FITC Apoptosis Test kits were pur
chased from Beyotime Biotechnology, Ltd. (Shanghai, 
China). Glutathione (GSH) and SP600125 were purchased 
from Beyotime Biotechnology, Ltd. (Shanghai, China). The 
antibodies against poly(ADP-ribose) polymerase (PARP), 
Bax, Bcl-2, JNK, phospho-JNK, c-Jun, phospho-c-Jun, 
Cyt-c, caspase-3, caspase-8, caspase-9 and GAPDH were 
purchased from Cell Signaling Technology (Beverly, MA, 
USA). The secondary antibodies goat anti-rabbit immuno
globulin G-horseradish peroxidase (IgG-HRP) (SC-2004) 
and goat anti-mouse IgG-HRP (SC-2005) were purchased 
from Millipore (Billerica, MA, USA).

Cell Lines and Cell Culture
Human cell line osteoblasts and the human OS cell lines 
143B, MG63, SJSA and HOS were obtained from 
Shanghai First People’s Hospital Affiliated with Shanghai 
Jiao Tong University School of Medicine. This study was 
approved by the Research Ethics Committees of Xiang’an 
Hospital of Xiamen University. The cells were cultured in 
high-glucose Dulbecco’s modified Eagle’s medium 
(Biological Industries, Beit-Haemek, Israel) with 10% 
fetal bovine serum (Biological Industries, Beit-Haemek, 
Israel), 100 U/mL penicillin and 100 μg/mL streptomycin 
(Biological Industries, Beit-Haemek, Israel) in 
a humidified incubator at 37 °C under an atmosphere of 
95% air and 5% CO2.

Cell Viability Assay
Cell viability was measured by a CCK-8 kit according to 
the manufacturer’s protocol. In brief, cells were plated in 
96-well plates at a density of 2×104 cells/mL overnight 
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and then incubated with different concentrations of acace
tin for 24–72 h. Subsequently, 100 μL/well of CCK-8 
working fluid were added, and after a 2-h incubation, the 
absorbance at the wavelength of 450 nm was measured 
using a microplate reader (Thermo Fisher Scientific, Inc.). 
These data are shown as the mean ± SD. Cell viability (%) 
= (OD [treated] − OD [blank])/(OD [control] − OD 
[blank]) × 100%. Then, the IC50 values (50% inhibition 
concentration) were calculated using the Statistical 
Package for the Social Sciences (SPSS, Inc., Chicago, 
IL, USA). Before and after IC50, the experimental con
centration of the drug is set according to the arithmetic 
concentration gradient.

Colony-Formation Assay
Colony formation assays were performed to assess the 
antiproliferative activity of acacetin in OS. The cells 
were plated in six-well plates at a density of 500 cells 
per well. In the drug treatment group, the medium was 
changed to fresh medium containing acacetin (20 and 40  
μM) for approximately 10–14 days until the cells grew to 
visible colonies. The medium was discarded, and the cells 
were washed with PBS twice. After being fixed with 4% 
paraformaldehyde for 20 min and washed with PBS, the 
cells were stained with 0.1% crystal violet for 15 min. The 
colonies that comprised > 50 cells were counted.

Morphological Apoptosis
To evaluate whether acacetin exhibited cytotoxicity in OS 
cells through apoptosis, a Hoechst 33258 staining analysis 
was performed to observe the nuclear morphological 
changes. In total, 5×104 cells per well were seeded in 
6-well plates overnight and treated with 0 or 40 μM acacetin 
for 24 h. The cell medium was discarded, and then, the cells 
were washed with PBS and fixed with 4% paraformaldehyde 
for 30 min at room temperature, followed by Hoechst 33258 
staining for 10 min in the dark. After being washed twice 
with PBS, the cells were observed under a fluorescence 
microscope (Olympus, Japan) to assess nuclei fragmentation 
and chromatin condensation.

Apoptosis Analysis by Flow Cytometry
To measure apoptotic cell death induced by the acacetin 
treatment, an Annexin-V-FITC Apoptosis Detection Kit 
was employed. The cells were cultured in six-well plates 
at a density of 5 × 104/mL and then incubated with 
acacetin at different concentrations overnight at 37 °C in 
a 5% CO2 incubator. After the acacetin treatment, the cells 

were digested, washed twice with chilled PBS and resus
pended in binding buffer. Then, the cells were incubated 
with FITC-labeled Annexin V and PI for 15 min at room 
temperature in the dark. The samples were analyzed by 
flow cytometry (Beckham, USA).

Mitochondrial Membrane Potential 
(MMP) Measurement
The alteration in the MMP was examined by a JC-1 Assay 
kit (Beyotime, Shanghai, China) according to the manu
facturer’s instructions. In total, 5 × 104 cells were seeded 
in 6-well plates, and acacetin was used to treat the SJSA 
and HOS cells at different concentrations for 24 h. Then, 
100 μL of the JC-1 staining solution were added to 1 mL 
of culture medium, and the samples were incubated for 
20 min. Subsequently, the samples were analyzed by flow 
cytometry (Beckham, USA).

ROS Assay
The production of ROS was analyzed by DCFH–DA stain
ing by fluorescence microscopy and flow cytometry. The 
cells were plated at a density of 5 × 104 cells/well in six- 
well plates and treated with acacetin in a dose-dependent 
manner. According to the manufacturer’s protocol, the 
cells were incubated with DCFH–DA at a final concentra
tion of 10 μM in DMEM for 30 min at 37 °C and then 
washed three times. Then, the generation of intracellular 
ROS was observed by fluorescence microscopy (Olympus, 
Japan) and analyzed by flow cytometry (Beckham, USA).

Western Blotting Analysis
The cells were seeded in six-well plates at a density of 5 × 
104 cells/mL per well and treated with acacetin (0, 20, 40, 
and 60 μM) for 24 h. After washing the cells with PBS, the 
cells were lysed in ice-cold RIPA for 30 min. The lysis 
buffer contained a mixture of protease and phosphatase 
inhibitors. Subsequently, the cells were centrifuged at 
12,000 ×g for 15 min at 4 °C, and the supernatant was 
collected. A BSA Protein Assay (Beyotime, Shanghai, 
China) was used to quantify the protein concentration 
according to the manufacturer’s instructions. The proteins 
were separated using SDS-PAGE gels (8–12% Tris-SDS 
gels) at 110 V for 0.5–1.5 h and wet-transferred to PVDF 
membranes at 300 mA. After blocking the membranes 
with 5% nonfat milk for an hour at room temperature, 
the membranes were incubated with the primary antibody 
at 4 °C overnight. The membranes were washed three 
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times with TBST buffer and then probed with an anti- 
rabbit (1:5000) or anti-mouse (1: 5000) secondary anti
body tagged with horseradish peroxidase for 1 h at room 
temperature. The bound immunocomplexes were detected 
using ChemiDoc XRS (BioRad).

Statistical Analysis
The experiments were performed three times, and the 
statistical analysis was conducted using Student’s t-test 
with IBM SPSS 20 software (SPSS, Inc., Chicago, IL, 
USA). The results are expressed as the means ± standard 
deviation (SD), and P < 0.05 indicated a statistically sig
nificant difference.

Results
Acacetin Inhibits Cell Proliferation in OS 
Cells
To investigate the antitumor effect of acacetin in OS, we 
treated 143B, MG63, SJSA and HOS OS cells with aca
cetin for 24, 48 or 72 h at drug concentrations of 0, 15, 30, 
45, and 60 μM, and the cell vitality was measured with 
a CCK-8 Apoptosis Test kit. As shown in Figure 1A, as 
the drug concentration increased, the viability of both cell 
lines was significantly inhibited in an obvious dose- and 
time-dependent manner. The IC50 values were 47.31 μM 
(24 h), 42.98 μM (48 h), and 28.91 μM (72 h) in the SJSA 
cells and 43.13 μM (24 h), 39.78 μM (48 h), and 28.72 μM 
(72 h) in the HOS cells. Doxorubicin is a chemotherapy 
drug widely used for OS. To investigate the effectiveness 
of acacetin, we treated SJSA and HOS OS cells with 40 
μM acacetin and a therapeutic concentration of doxorubi
cin (0.2 μM) for 24, 48 or 72 h, and the cell vitality was 
measured with a CCK-8 Apoptosis Test Kit. The results 
indicated that both acacetin and doxorubicin induced 
a time-dependent decrease in cell viability, although to 
different degrees (Figure 1B). Subsequently, to evaluate 
the safety of acacetin, we used osteoblast cells as 
a negative control; we treated SJSA, HOS and osteoblast 
cells with 40 μM acacetin for 24, 48 or 72h or acacetin 
concentrations of 15, 30, 45, and 60 μM for 48 h, and the 
cell vitality was measured with a CCK-8 Apoptosis Test 
kit. As shown in Figure 1C, acacetin had a minimal effect 
on the osteoblasts’ cell viability. In addition, the colony 
formation test confirmed the anti-proliferative effect of 
acacetin in the SJSA and HOS OS cells. These results 
show that compared with the untreated cells, the treatment 
with acacetin significantly reduced the number of colonies 

in a dose-dependent manner (Figure 1D). These results 
indicate that treatment with acacetin inhibits the viability 
of OS cells.

Figure 1 Acacetin inhibits cell proliferation in OS cells. (A) Acacetin inhibits human 
osteosarcoma cell proliferation. 143B, MG63, SJSA and HOS cells were treated 
with acacetin (0, 15, 30, 45, and 60 μM) for the indicated times (24, 48 and 72 h), 
followed by assessment of the inhibition rate by the CCK-8 assay (n=3). (B) After 
the SJSA and HOS cells were treated with 40mL of acacetin for the indicated times 
(24, 48 and 72 h), the cell viability was measured with CCK-8 assay and compared 
with the doxorubicin. (C) SJSA, HOS and osteoblast cells were treated with 40 μM 
acacetin for the indicated times (24, 48 and 72 h) or treated with increased 
concentrations of acacetin for 48 h and the cell viability was measured with 
CCK-8 assay. (D) Colony-formation assay of SJSA and HOS cells treated with the 
DMSO or acacetin. The histogram shows the ratio of clone formation. Control 
group was normalized to 100%. *P<0.05, significantly different compared with 
control.
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Acacetin Induces Apoptosis in OS Cells
To further explore the characteristics of acacetin’s inhibi
tory effect on the viability of OS cells, Hoechst 33258 
staining was used to evaluate the acacetin-dependent cell 
morphological changes. After the treatment with 40 μM 
acacetin for 24 h, both the HOS and SJSA cells showed 
cell shrinkage, chromatin condensation and nuclear frag
mentation (Figure 2A). Consistent with the Hoechst 33258 
staining results, flow cytometry with FITC/PI double stain
ing also confirmed the role of acacetin in inducing apop
tosis in OS cells. As shown in Figure 2B, compared with 
the control, early apoptosis in the SJSA and HOS cells 
increased in a dose-dependent manner after the 24-h aca
cetin treatment. To confirm that mitochondria are involved 
in acacetin-induced apoptosis, we used the fluorescent 
mitochondrial probe JC-1 to measure the mitochondrial 
membrane potential. Compared with the control group, 
the experimental group exhibited a significant transition 
from red to green fluorescence using flow cytometry 
(Figure 2C), indicating that acacetin induced mitochon
drial depolarization in the OS cells. To further determine 
whether the extrinsic or intrinsic pathway mediates apop
tosis induced by acacetin, we used Western blotting to 
explore the expression of downstream apoptosis-related 
proteins. As shown in Figure 2D, caspase-3, −8, −9, Bax 
and PARP and the expression of Bax were significantly 
increased, while the expression of Bcl-2 was decreased. In 
summary, these data indicate that acacetin induces apop
tosis by activating extrinsic and intrinsic pathways.

Acacetin Stimulates the JNK/c-Jun 
Pathway by Inducing ROS Generation in 
OS Cells
The generation of ROS in the cells was analyzed by DCFH– 
DA staining with fluorescence microscopy and flow cytome
try. Figure 3A and B demonstrate that the exposure of the 
cells to acacetin resulted in a dramatic increase in the fluor
escent signal that could be markedly suppressed by GSH. 
Then, we explored the effect of acacetin on the JNK/c-Jun 
signaling pathway. As shown in Figure 3C, acacetin induced 
phosphorylation of JNK and c-Jun in a concentration- 
dependent manner. However, the JNK inhibitor SP600125 
effectively inhibited the activation of the JNK pathway 
(Figure 3D). ROS act as inducers or mediators of the activa
tion of the JNK/c-Jun signaling pathway. In our further 
experiments, the pretreatment with GSH, which is 
a scavenger of ROS, significantly reversed the 

phosphorylation of JNK and c-Jun in the OS cells (Figure 
3E). The above results indicate that acacetin activates the 
ROS/JNK signaling pathway in SJSA and HOS cells.

Figure 2 Acacetin induces apoptosis of OS cells. (A) Acacetin induced apoptosis in 
human osteosarcoma cells. Apoptotic nuclear morphological changes were evaluated by 
Hoechst 33258 staining and observed under a fluorescence microscope. (B) Acacetin 
induces apoptosis in HOS and SJSA cells. HOS and SJSA cells were treated with acacetin 
(0, 40 and 60 μM) for 24 h, and apoptotic cells were analyzed by flow cytometry. The 
histograms indicate that the percentage of total apoptosis. Results are shown as mean±S. 
D. from three independent experiments. (C) The mitochondrial membrane potential 
after acacetin treatment was measured using JC-1 staining by flow cytometry. The 
histograms indicate the ratio of green and red fluorescence. The results are shown as 
the mean±S.D. from three independent experiments. (D) Cells were treated with various 
concentrations of acacetin for 24 h. The apoptosis-related proteins cleaved PARP, cas
pase-3, −8, and −9, Bax and Bcl-2 were analyzed by Western blotting. *P < 0.05, 
significantly different compared with the untreated control group.
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Acacetin Induces Apoptosis by Activating 
the ROS/JNK Pathway in OS Cells
ROS have high biological activity and can participate in 
JNK signaling as a second messenger. ROS can activate 
JNK through signal proteins, such as ASK1, Src kinase, 
GSTπ, MLK3, RIP-TRAF2 complex, and MKPs, which 
may mediate antioxidant responses to induce apoptosis. 

We examined whether acacetin-induced apoptosis involves 
ROS production and JNK activation in OS cells. The cells 
were first pretreated with GSH and SP600125 and then 
treated with acacetin for 24 h. The results of the CCK8 
analysis showed that the inhibition of ROS or JNK could 
effectively attenuate the inhibitory effect of acacetin on the 
growth of the OS cells (Figure 4A). The flow cytometric 
analysis demonstrated that GSH and SP600125 attenuated 
acacetin-induced apoptosis (Figure 4B). In addition, the 
Western blotting analysis showed that the pretreatment 
with GSH and SP600125 reduced the level of apoptosis- 
related proteins (Figure 4C and D). Thus, acacetin induces 
osteosarcoma cell apoptosis by activating the ROS/JNK 
signaling pathway.

Discussion
OS is the most common primary malignant bone tumor. 
For decades, the therapeutic effect of chemotherapy com
bined with surgery has not improved. Due to resistance to 
traditional chemotherapy and the inherent side effects of 
drugs, new therapeutic strategies for OS are urgently 
needed.4 Currently, natural plant extracts are widely used 
in antitumor research investigating various human cancers 
due to their good bioactivities.22–24

Flavonoids, which are widely present in plants, such as 
vegetables and fruits, are polyphenolic compounds that 
contain multiple substances and have shown antitumor 
activity in various human tumors.25 However, the pharma
cological activity of acacetin, which is a type of flavonoid, 
in tumors is controversial. Studies have reported its cell 
proliferation inhibitory activity in prostate cancer,26 lung 
cancer,27 and breast cancer.28 Another study showed that 
low concentrations of acacetin can promote proliferation 
in breast cancer,29 which prompted us to investigate 
whether acacetin inhibits proliferation in OS. In this 
study, we conducted in vitro experiments and demon
strated that acacetin has a good antiproliferative effect on 
OS that is mainly achieved by promoting apoptosis in OS 
cells.

Apoptosis is an important mechanism through which 
many drugs achieve antitumor effects. The following two 
main pathways are involved in apoptosis in vivo: extrinsic 
and intrinsic pathways. The extrinsic pathway is also 
known as the death receptor pathway. Antitumor drugs 
can induce the binding of cell membrane surface death 
receptors and their ligands, such as Fas/Fas-L and DIL/ 
DIL-R, to cause self-cleavage and the activation of cas
pase-8, and cleaved caspase-8 can activate the downstream 

Figure 3 Acacetin stimulates the JNK/c-Jun pathway by inducing ROS generation in 
OS cells. (A) Cells were treated with increased concentrations of acacetin for 24 h, 
followed by loading with 10 μM DCFH–DA for 30 min. The level of ROS was 
determined by fluorescence microscopy. (B) Fluorescence intensity was detected 
using flow cytometry. Cells were preincubated with GSH (5 mM) for 2 h and then 
treated with acacetin for 24 h. Fluorescent intensity was detected by flow cytome
try. Results are presented as mean±S.D. from three independent experiments. (C) 
Cells were treated with various concentrations of acacetin for 24 h. The expression 
of p-JNK, JNK, p-c-Jun, Jun and Cyt-c was analyzed by Western blotting. (D and E) 
SJSA and HOS were preincubated with SP600125 (30 μM) or GSH (5 mM) for 2 h 
and then treated with acacetin for 24 h. Levels of p-JNK, JNK, p-c-Jun, Jun and Cyt-c 
were analyzed by Western blotting. *P<0.05 and **P<0.001, significantly different 
compared with the control.
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effector caspase-3 and eventually trigger cell 
apoptosis.30,31 The endogenous pathway, namely, the mito
chondrial pathway, can induce the release of cytochrome 
C from mitochondria to the cytoplasm, which binds apop
tosis-related factor 1 (apaf-1), recruits pro-caspase-9 to 

form apoptotic corpuscles, and finally cleaves and acti
vates caspase-9, which can also activate caspase-3, thereby 
triggering cell apoptosis.30,32 The acacetin treatment 
induced the conversion of red fluorescence to green fluor
escence, indicating a decrease in MMP as revealed by flow 
cytometry after the JC-1 staining. The Bcl-2 family com
prises proapoptotic and antiapoptotic members, such as 
Bax and Bcl-2. The regulation of certain proteins in the 
Bcl-2 protein family is a key factor affecting mitochon
drial membrane permeability.33 PARP is an important 
ribozyme that is involved in the repair of DNA damage 
by cytotoxic drugs and is the main cleavage target of 
caspase-3, whose cleavage is conducive to the occurrence 
of apoptosis.34,35 The results of the Western blot analysis 
showed that acacetin induced the generation of apoptotic 
cells through the induction of DNA fragmentation and the 
activation of PARP, caspase-3, −8, and −9. In addition, the 
downregulation of Bcl-2 was accompanied by the over
expression of Bax in the OS cells treated with acacetin. 
Combined with the dose-dependent inhibition of OS cell 
activity by acacetin, these results indicate that the anti-OS 
effect of acacetin was achieved through the endogenous 
and exogenous apoptotic pathways.

A moderate increase in ROS can promote cell prolif
eration and differentiation, while excessive ROS can inter
fere with cell signal transduction pathways by causing 
oxidative damage to lipids, proteins and DNA and play 
an important role in various common biochemical reac
tions and pathological progress.36 In the present study, 
acacetin increased the production of ROS in SJSA and 
HOS osteosarcoma cells in a concentration-dependent 
manner, and the pretreatment of the cells with the ROS 
inhibitor GSH significantly reversed the cell proliferation 
inhibition and apoptosis induction effects of acacetin. In 
addition, caspase-3, −8, −9, Bax and PARP and the expres
sion of Bax were significantly increased and the expres
sion of Bcl-2 was decreased, indicating that the induction 
of ROS may activate DNA damage and lead to OS cell 
apoptosis. Previous studies have shown that the JNK sig
naling pathway could transduce oxidative stress signals 
and induce cell apoptosis under various stress stimuli. In 
this study, we found that JNK and c-Jun phosphorylation 
was significantly enhanced after the treatment with acace
tin. Confirmed using the JNK inhibitor SP600125, JNK 
activation is associated with the regulation of acacetin- 
induced apoptosis. Furthermore, JNK can sometimes 
appear upstream of ROS and play a biological role by 
promoting the production or aggregation of ROS. 

Figure 4 Acacetin induces apoptosis by activating the ROS/JNK signaling cascade in 
OS cells. Cells were preincubated with SP600125 (30 μM) or GSH (5 mM) for 2 
h and then treated with acacetin for 24 h. (A) Cell viability was measured by CCK8 
assay. (B) Flow cytometric analysis demonstrated that GSH and SP600125 attenu
ated the acacetin-induced apoptosis. Results are presented as the mean ± SD from 
three independent experiments. (C and D) The expression of apoptosis-related 
protein was measured by Western blotting. *P<0.05 and **P<0.001, significantly 
different compared with control.
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However, in this study, the inhibition of ROS prevented 
the activation of JNK, suggesting that ROS production 
was upstream of JNK. According to previous reports in 
the literature, in response to various stress stimuli, the JNK 
proteins are activated by a series of phosphorylation. 
Subsequently, JNK phosphorylates and activates the tran
scription factor activator protein-1 (AP-1) and the Bcl-2 
family. These proteins control various cellular responses, 
including proliferation, differentiation, expression of other 
proteins and cell death. The downstream molecules acti
vated by JNK include c-Jun, ELK1, SMAD4, p53, ATF-2 
and HSF1, and those inhibited by JNK activation include 
NFATC1, NFAT4 and STAT3.37 Consistent with the results 
of previous studies, our experiments confirmed that 
p-JNK, c-Jun and p-c-Jun increased in a dose-dependent 
manner. Based on the above results, we believe that JNK, 
which acts as a downstream target of ROS, participates in 
acacetin-induced apoptosis. Therefore, the mechanism 
underlying the antitumor effect mediated by acacetin is 
related to the activation of the ROS/JNK signaling 
pathway.

Our study elucidated the detailed mechanism of OS 
cell apoptosis induced by acacetin. However, some possi
ble limitations to this study should be acknowledged. 
Although we demonstrated the anticancer properties of 
acacetin in this study, the in vivo antitumor effect of 
acacetin must be evaluated. Furthermore, further studies 
are required to explore combined therapy involving aca
cetin and other established treatments to enhance the anti
tumor effects. In conclusion, this study revealed the 
antitumor effects of acacetin, and the findings of the pre
sent study may contribute to an improved understanding of 
the benefits and clinical applications of acacetin therapy.

Conclusion
The results of the present study indicate that acacetin may 
induce apoptosis to inhibit cell growth by activating the 
ROS/JNK signaling pathway in SJSA and HOS cells, 
suggesting that acacetin may be a promising candidate 
for the management of OS.
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