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Emodin induces apoptosis of human osteosarcoma 
cells via mitochondria- and endoplasmic reticulum 
stress-related pathways 
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Abstract: Aim: Emodin showed anti-cancer activity against multiple human malignant tumors by inducing apoptosis. 
However, the apoptotic inducing effect against human osteosarcoma and related mechanism are still not studied. 
This study was aimed to investigate them. Methods: Emodin was used to incubate human OS cell U2OS cells at seri-
ally diluted concentrations. Hoechst staining was used to evaluate apoptosis; flow cytometry was applied to assess 
the collapse of mitochondrial membrane potential (MMP); intracellular ROS generation was detected by DCFH-DA 
staining; endoplasmic reticulum stress activation was examined by western blotting. Results: Cell apoptosis of U2OS 
cells was induced by emodin incubation in a concentration-dependent manner; MMP collapse and ROS generation 
were identified at starting concentration of 80 μmol/L of emodin in a concentration-dependent manner. ER stress 
activation was found at beginning concentration of 40 μmol/L of emodin. The MMP collapse was inhibited while the 
ER stress was not inhibited by NAC administration. Conclusions: Emodin induces death of human osteosarcoma 
cells by initiating ROS-dependent mitochondria-induced and ROS-independent ER stress-induced apoptosis. 
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Introduction 

Osteosarcoma (OS), also referred as osteogen-
ic sarcoma, is considered as one of the most 
frequent malignant tumor of skeletal system. 
Children and adolescents are the most suscep-
tible population of OS [1]. Compared with other 
malignant solid tumors, such as liver cancer, 
breast cancer and lung cancer, the incidence of 
OS is relatively lower with the rate of 4 million 
per year worldwide. OS attracted our attention 
because of its characteristics of high lethality 
and poor prognosis [2]. Though chemotherapy 
and radiotherapy made progress in recent 
decades, the efficacy is still unsatisfied. 
Therefore, find a novel effective therapeutic 
agent against OS is of critical value. 

Agents extracted from natural plants became 
one of the focuses of pharmacological research 
in recent years because of their multiple bio-
logical activities [3]. Emodin (1,3,8-trihydroxy-
6-methylanthraquinone) is one of the bioactive 
components extracted from the root of Rheum 
palmatum L. Previous studies have identified 

the anti-atherosclerotic, vasorelaxant, immuno-
supressive and anti-cancer activities of emodin 
[4]. Studies demonstrated that emodin pos-
sessed anti-proliferative effects on kinds of 
human malignant tumors including leukemia, 
lung cancer, hepatic cancer and breast cancer 
by inducing apoptosis [5]. However, the anti-
cancer activity of emodin in ostesarcoma cells 
is still not investigated. 

Generally accepted, two pathways, namely 
mitochondria-dependent pathway and endo-
plasmic reticulum (ER) stress-induced pathway 
are the major pathways inducing cell apoptosis 
[6]. It was reported that emodin induced cell 
apoptosis by triggering generation of reactive 
oxygen species (ROS) which is the initiator of 
apoptotic pathways [7]. In the present study, 
human OS cell line U2OS was treated by emo-
din at serial diluted concentrations. The apopto-
sis-inducing effects of emodin were observed 
at different concentrations. Mechanically, oxi-
dants production and their relationship with 
either mitochondria- or ER stress-induced 
apoptosis were investigated. We believe that 
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results from this study would not only accumu-
late more information regarding the mecha-
nisms of emodin’s anti-cancer activity against 
OS cells but also provide theoretical basis for 
potential clinical application of emodin or emo-
din-contained drugs in human OS treatment. 

Materials and methods

Cell line

The human OS cell line U2OS was provided by 
American Type Culture Collection (ATCC, USA) 
which were cultured in RPMI1640 medium 
(Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco), 2.5 mmol/L 
L-glutamine (Invitrogen) and antibiotics (100 U/
ml penicillin and 100 μg/ml streptomycin) in 
humidified incubator at 37°C with 5% CO2. 

Cell treatments

The U2OS cells were then incubated with emo-
din solution at serial diluted concentrations, 
ranging from 0 μmol/L to 100 μmol/L at 37°C 
for 48 hours. The ROS scavenger, N- 
acetylcysteine (NAC, 1 mmol/L, Sigma) was 
used to incubate U2OS cells prior to emodin 
incubation at certain concentrations. 

Apoptosis assessment 

In this study, cell apoptosis was assessed by 
Hoechst 33342 fluorescent staining. Same 
amount of U2OS cells (6×104 per well) were cul-
tured and treated with serially diluted emodin 
solution (0, 20, 40, 60, 80, 100 and 120 
μmol/L respectively) in a 24- well plate for 48 
hours. Then cells were harvested and fixed by 
4% paraformaldehyde solution for 4 hours. 
Fixed cells were then incubated with Hoechst 
33342 (Invitrogen) at final concentration of 10 
μmol/L for 20 minutes in a humidified chamber 
at dark. The final fluorescent images were visu-
alized in a fluorescence microscope (Nikon). 
Cells presenting nuclear beading, chromatin 
condensation and marginalization were identi-
fied as apoptotic cells. Results were presented 
as the percentage of apoptotic cells. 

Intracellular ROS generation detection

DCFH-DA staining was used to detect intracel-
lular ROS. Briefly, DCFH-DA (Beyotime) was 
diluted by RPMI1640 medium to final concen-
tration of 10 μmol/L which was used to incu-
bate the cells at 37°C for 20 minutes. The fluo-

rescent images were captured by a fluores-
cence microscope (Nikon) and the fluorescent 
intensities were analyzed by software Image 
Pro (Media Cybernetic). 

Mitochondrial membrane potential (MMP) 
evaluation 

Rhodamine 123 staining cytometry detection 
was used to determine MMP of U2OS cells fol-
lowing the experimental protocols described 
previously. After washed by PBS, cells in each 
well were titrated to 1×106 /ml. Rhodamine 123 
solution (Beyotime) at final concentration of 1 
μmol/L was added to cell suspension which 
was incubated at 37°C at dark for 30 minutes. 
Rhodamine 123 fluorescent signal was detect-
ed by a FACS flow cytometer (BD) at 529 nm. 

Western blotting

The harvested U2OS cells were lyzed by RIPA 
lysis buffer system (Santa Cruz) on ice and by 
using the Protein Extraction kit (Beyotime) the 
total protein was isolated per manufacturer’s 
instructions. The protein concentration was 
detected by a BCA protein assay kit (Thermo). 
Vertical electrophoresis was performed to sep-
arate the extracted protein which was then 
transferred to poly vinylidene difluoride (PVDF) 
membranes. Blocking buffer (5% defatted milk 
in Tris buffered saline with 0.1% Tween 20) was 
used to eliminate the non-specific bindings. 
Specific antibodies against GRP-78 (Abcam), 
CHOP (Abcam), Caspase-4 (Abcam) and GAPDH 
were used to incubate the membranes at 4°C 
for 12 hours. Finally, after developed by 
SuperSignal West Pico kit (Peirce), the bands 
were visualized on X-ray films. 

Statistical considerations

Data acquired from this study were presented 
in a (mean ± SD) manner. Software SPSS 
(Ver.16.0, SPSS) was used to perform the sta-
tistical analysis. The significances of differenc-
es between data were decided by analysis of 
variance (ANOVA) and student’s t-tests. P<0.05 
was considered statistically significant when 
comparing differences. 

Results 

Emodin induced apoptosis of U2OS cells in a 
concentration-dependent manner

Demonstrated in Figure 1, by Hoechst staining, 
the apoptotic rate was found significantly 
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increased after the cells were treated with 
emodin. 40 μmol/L was identified as the con-
centration of emodin solution began to induce 
apoptosis. Furthermore, as the concentration 
of emodin solution increasing, the apoptotic 
rate also elevated significantly, indicating the 
apoptotic inducing activity of emodin on U2OS 
cells was concentration-dependent. 

Emodin induced intracellular ROS generation in 
U2OS cells in a concentration-dependent 
manner. 

As shown in Figure 2, emodin induced intracel-
lular ROS generation in U2OS cells in a concen-

tration-dependent manner. The beginning con-
centration of emodin inducing intracellular ROS 
generation was 80 μmol/L.

Emodin induced apoptosis of U2OS was medi-
ated by ROS-induced MMP elevation

As demonstrated in Figure 3A, MMP was 
decreased in emodin administrated U2OS cells, 
also in a concentration-dependant manner with 
the starting concentration of 80 μmol/L, in 
accordance with ROS generation. We further 
investigated the correlation of ROS and MMP 
elevation, the results were shown in Figure 3B. 
The ROS generation was suppressed by NAC 

Figure 1. Left part of this figure demonstrated the captured images of Hochst staining of U2OS cells after incuba-
tion with serially diluted emodin solution respectively. Black column on the right part of this figure indicated the 
apoptotic rate of U2OS cells in a (mean ± SD) manner. [*differences were statistically significant when compared 
with previous concentration].

Figure 2. On the left part, the captured images of DCFH-DA staining of emodin-incubated U2OS cells were dem-
onstrated. Emodin solutions were titrated to serial concentrations ranging from 0 to 120 μmol/L. Column on the 
right part demonstrated the mean fluorescent intensity (MFI) of DCFH-DA staining in U2OS incubated with emodin 
at different concentrations respectively. [*differences were statistically significant when compared with previous 
concentration].
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Figure 3. Left part of (A) showed the results of Rhodamine 123 staining detected by a flow cytometer. Columns on the right part indicated the mean fluorescent 
intensity (MFI) of Rhodamine 123 staining. On the left part of (B), the upper panel showed the captured image of DCFH-DA staining and flow cytometric charts of 
Rhodamine 123 staining of U2OS cells incubated with emodin at 0 μmol/L, 120 μmol/L and treated with NAC after emodin incubation respectively. [*differences 
were statistically significant when compared with previous concentration]. On the right part of (B), the black columns indicated the mean fluorescent intensity (MFI) 
of DCFH-DA staining while the white columns indicated the mean fluorescent intensity (MFI) of Rhodamine 123 staining. (A) differences were significant when com-
pared with 0 μmol/L; (B) differences were significant when compared with 120 μmol/L. 



Emodin induces apoptosis of human osteosarcoma cells

12842 Int J Clin Exp Pathol 2015;8(10):12837-12844

treatment in emodin administrated U2OS cells. 
As a result, the MMP reduction was also inhib-
ited. This result indicated that the MMP eleva-
tion was ROS-dependent. 

Emodin induced apoptosis of U2OS was medi-
ated by ER stress which was ROS-independent 

As demonstrated in Figure 4A, expression lev-
els of GRP-78, CHOP and cleaved caspase-4 

were elevated significantly after emodin incu-
bation, starting from 40 μmol/L. This elevation 
was in a concentration-dependent manner. 
Demonstrated in Figure 4B, though NAC treat-
ment inhibited ROS generation, expression lev-
els of GRP78, CHOP and cleaved caspase4 
were not affected. This result indicated that 
emodin incubation-induced ER stress in U2OS 
cells was not ROS-dependent. 

Figure 4. Left part of (A) showed the immunoblots of GRP78, CHOP, cleaved caspase 4 and GAPDH in U2OS cells 
incubated with serially diluted emodin solutions respectively. In a (mean ± SD) manner, columns on the right part 
of (A) indicated the relative expression levels of GRP78, cleaved caspase4 and CHOP in U2OS cells respectively. 
*Differences were significant when compared with previous concentration. In (B), on the left part, the upper panel 
demonstrated the captured images of DCFH-DA staining in U2OS cells; while on the lower panel, the immunoblots of 
GRP78, CHOP, cleaved caspase4 and GAPDH were demonstrated in U2OS cells incubated with emodin at 0 μmol/L, 
120 μmol/L and treated with NAC after emodin incubation respectively. Columns on the right part of (B) showed the 
mean fluorescent intensity (MFI) of DCFH-DA staining and relative expression levels of GRP78, CHOP and cleaved 
caspase4 in U2OS cells respectively. (A) Differences were significant when compared with 0 μmol/L; (B) Differences 
were significant when compared with 120 μmol/L.
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Discussion 

In this study, we observed the apoptotic-induc-
ing effect of emodin in human osteosarcoma 
and further investigated the mechanisms. It 
was found that emodin could induce obvious 
apoptosis of human osteosarcoma U2OS cells. 
As one of the apoptosis initiator, ROS was gen-
erated by emodin incubation in a concentra-
tion-dependent manner. Further investigation 
showed that both mitochondria-induced and 
ER stress-induced pathways were involved in. 
Moreover, we found that in emodin-treated 
U2OS cells, mitochondria-induced apoptosis 
was ROS-dependent while ER stress induced 
apoptosis was ROS-independent. 

As the most common type of malignant of bone, 
OS is also considered as one of the most fre-
quent malignant tumor of children and adoles-
cents [8]. Till now, surgical treatment is still 
known as the primary therapeutic option for 
OS, however, when the invasion and metasta-
sis made many patients miss the opportunity 
for surgery. Though chemotherapy and radio-
therapy made significant progressions in these 
decades, the 5-year survival rate of OS is still 
poor [9]. Thus, exploring novel anti-cancer 
agents against OS is of clinical significance. 

Recently, agents extracted from natural prod-
ucts attracted our attention because of their 
various biological activities [10]. Emodin is a 
kind of anthraquinones extracted from root of 
Rheum which is widely applied in Chinese 
Traditional Medicine over hundreds of years. 
The anti-cancer activity of emodin was proved 
by modern pharmacological studies [11]. 
Previously, the anti-cancer activity of emodin 
was found in multiple human cancers, including 
liver cancer, pancreatic cancer, lung cancer 
and so on [12, 13], except human OS cancer. It 
was reported that the proliferation inhibitive 
property of emodin was exerted by inducing 
apoptosis [14]. In this study, we found that 
emodin treatment significantly exacerbated the 
apoptosis of human OS cells in a concentra-
tion-dependent manner. 

Mitochondria and ER are both vital intracellular 
organelles which are also involved in inducing 
cell apoptosis. During the pro-apoptotic pro-
cess, as the membrane permeability of the dys-
functional mitochondria increases, the MMP 
would dissipate and collapse [15]. Then the 

mitochondrial ingredients such as cytochrome 
c are released to cytosol to induce apoptosis. 
ER stress is an adaptive protective process in 
eukaryotic cells. When encountering harmful 
stressors, as the unfolded or misfolded protein 
accumulate in ER lumen, ER stress is initiated 
to shut down most protein transcriptions [16]. 
However, when the stress is severe or pro-
longed, singling pathways, including ATF6, 
PERK and IRE1α pathways would be activated 
to induce cell apoptosis [17]. In the present 
study, we found that MMP decreased signifi-
cantly as the emodin concentration increases, 
meanwhile, the expressions of ER stress molec-
ular marker GRP78 and pro-apoptotic factors 
CHOP and cleaved caspase-4 were also elevat-
ed as the emodin concentration increases. 
These results indicated that emodin induced 
apoptosis of U2OS cells through both mito-
chondria- and ER stress-induced apoptotic 
pathways. 

Nevertheless, as we noticed, the starting con-
centration of emodin inducing MMP collapse 
and ER stress were different (80 μmol/L vs. 40 
μmol/L). So we implemented further experi-
ments. Previous studies suggested that exces-
sive intracellular ROS were generated when 
cells were challenged by emodin incubation 
[18]. ROS were reported to accelerating the 
opening of mitochondrial permeability transi-
tion pore and thus cause loss of MMP which 
finally induced apoptosis [19]. In this study, we 
found that ROS were generated in emodin-incu-
bated U2OS cells in a concentration-dependent 
manner, starting from 80 μmol/L, which was in 
accordance with the starting emodin concen-
tration inducing MMP loss. Furthermore, after 
treated with the ROS scavenger, NAC, the MMP 
loss was mitigated. This result indicated that 
emodin-induced MMP loss was ROS-de- 
pendent. However, the expression of GRP78, 
CHOP and cleaved caspases-4 were not 
reduced after NAC administration in emodin-
incubated U2OS cells, suggesting emodin-
induced ER stress was ROS-independent. 

In summary, emodin exerted anti-cancer activ-
ity against human osteosarcoma by inducing 
cell apoptosis through both ROS-dependent 
mitochondria-induced and ROS-independent 
ER stress-induced pathways. Results from this 
study would further enrich our knowledge of 
emodin’s anti-cancer activity against human 
osteosarcoma and proved theoretical basis for 
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clinical application of emodin-related drugs in 
osteosarcoma treatment in the future. 
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