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Abstract. It has previously been shown that Embelin inhibits 
proliferation, promotes apoptosis, and increases sensitivity 
and reduces resistance to chemotherapy drugs, in various 
types of tumor cells. The present study examined the effects 
of Embelin on the proliferation of human acute T  cell 
lymphoma Jurkat cells. Jurkat cells were treated with various 
concentrations of Embelin and the effects of Embelin on the 
inhibition of growth of Jurkat cells were evaluated. Expression 
of X‑linked inhibitor of apoptosis protein (XIAP); poly ADP 
ribose polymerase; caspase‑3; caspase‑8; caspase‑9; the 
proapoptotic protein, Bax; and the antiapoptotic proteins, 
Bcl‑xl and Bcl‑2, were assessed. The results showed that 
Embelin significantly inhibited the growth of human acute 
T cell lymphoma Jurkat cells. Following treatment with 5, 10 
or 20 mM Embelin for 48 h, cell viability was 82.31, 58.65 
and 37.62%, respectively, which was significantly reduced 
compared with that of the control group and the 0.1% DMSO 
control group (P<0.01). Furthermore, the caspase‑3 inhibitor, 
z‑DEVD‑fmk, and the caspase‑9 inhibitor, Ac‑LEHD‑CHO, 
reversed this inhibitory effect. It was also shown that the 
apoptotic rate of cells treated with Embelin was significantly 
elevated. Subsequently, it was demonstrated that Embelin 
downregulated the expression of XIAP and the proapoptotic 
Bcl2 family members, Bcl‑2 and Bcl‑xl, while it concomi-
tantly upregulated that of the antiapoptotic protein, Bax. 
These results showed that Embelin inhibited growth and 
induced apoptosis of Jurkat cells in vitro, by activating the 
endogenous caspase‑dependent apoptotic pathway through 
inhibition of XIAP and proapoptotic Bcl‑2 family members.

Introduction

Lymphoma is one of the most common types of malignant 
tumors in children and the incidence of this disease is 
increasing (1). Non‑Hodgkin's lymphoma accounts for ~80‑85% 
of the total number of lymphoma cases, and exhibits a high 
degree of malignancy, rapid progression and a poor prognosis 
in children (2). A novel strategy for the treatment of lymphoma, 
is the induction of apoptosis of lymphoma cells. However, the 
majority of currently available apoptosis inducers contain large 
quantities of heavy metals and thus produce a number of intol-
erable side effects (3,4). Therefore, the identification of novel 
inducers of apoptosis in lymphoma cells, which exhibit higher 
efficiency and lower toxicity, is required.

Embelin is a small molecule inhibitor of X‑linked inhibitor 
of apoptosis (XIAP), which is used in traditional Chinese 
medicine  (5‑7). Previous studies have shown that Embelin 
inhibits proliferation, promotes apoptosis, increases sensitivity 
to chemotherapeutic agents and reduces drug resistance in 
tumor cells (8‑12). Therefore, Embelin has been identified as a 
promising antitumor agent. However, to date there have been 
few studies conducted, examining the effect of Embelin on acute 
T  cell lymphoma. The present study investigated the inhibitory 
effect of Embelin on human acute T cell lymphoma Jurkat cells, 
in addition to the mechanisms underlying this effect.

Materials and methods

Cell culture. Human acute T  cell lymphoma Jurkat cells 
(Chinese Academy of Medical Sciences, Beijing, China) were 
cultured in RPMI 1640 medium (Applied Biosystems China 
Ltd., Beijing, China), containing 100  U/ml penicillin and 
100 µg/ml streptomycin (Life Technologies, Grand Island, NY, 
USA) at 37˚C with 5% CO2. Cells were treated with 0.25% 
trypsin (Applied Biosystems China Ltd.,) for passage, and cells 
in the logarithmic growth phase were selected for subsequent 
experiments. Embelin was purchased from Sigma‑Aldrich 
(St. Louis, MO, USA). Caspase inhibitors, z‑DEVD‑fmk and 
Ac‑LEHD‑CHO, were obtained from Promega Corporation 
(Madison, WI, USA).

MTS/PMS method. The MTS/PMS method was used to eval-
uate the inhibition rate of tumor cell proliferation. Jurkat cells 
were divided into three groups that were treated with various 
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concentrations of Embelin (5, 10 or 20 mM; Hebei Medical 
University, Haisen Pharmaceutical Co., Ltd., Hebei, China). 
The control group was incubated with an equal quantity of 
RPMI 1640 medium. RPMI 1640 medium with no cells was 
used as a blank control group, and the cell viability of each 
sample was measured 3 times, and the mean of the 3 values 
was calculated. Jurkat cells in the logarithmic growth phase 
were cultured in RPMI 1640 medium containing 10% fetal 
bovine serum (Hangzhou Sijiqing Biological Engineering 
Materials Co., Ltd., Zhejiang, China ). The cell concentra-
tion was adjusted to 1x105/ml, and cells were inoculated 
into a 96‑well culture plate; each well containing 90 µl of 
culture medium. Plates were incubated at 37˚C with 5% 
CO2. Following incubation for 24 h, 10 µl Embelin at various 
concentrations (5, 10 or 20 mmol/ml) was added to the appro-
priate wells. Culture medium containing 0.01% dimethyl 
sulfoxide (DMSO; Tianjin Yongda Chemical Reagents 
Development Center, Tianjin, China) was added to the control 
group for the MTS assay.

In subsequent experiments, the caspase‑3 inhibitor, 
z‑DEVD‑fmk, and the caspase‑9 inhibitor, Ac‑LEHD‑CHO, 
were added to cells, to achieve a final concentration of 10 µl. 
The different concentrations of Embelin were added 1 h later, 
and cells were then cultured for 24 h. The MTS/PMS mixture 
(20 µl) was added to the cells, and plates were cultured for a 
further 3‑4 h. Morphological changes were observed under 
an inverted microscope (Olympus Corporation, Tokyo, Japan) 
under 40X magnification. A fully automated enzyme mark 
measuring instrument (Titertek Multiskan, North Ryde, 
Australia) was used to detect the absorbance of the samples at 
570 nm wavelength. Cell viability was calculated as follows: 
Viability (%)  =  [experimental group (OD) ‑   blank group 
(OD)]/[control group (OD) ‑ blank group (OD)] x 100.

Phosphatidylserine ectropion [Annexin V/propidium iodide 
(PI)] analysis. Phosphatidylserine ectropion (Annexin V/PI) 
analysis were used to analyze rates of cell apoptosis. Culture 
medium (2 ml) with various concentrations of Embelin (5, 10 
or 20  mM) were added to Jurkat cells in the logarithmic 
growth phase as the drug treatment groups. Complete culture 
medium was used for the control group. After 24 h, the cells 
were collected, centrifuged at 850 x g for 5 min and then 
washed three times with phosphate buffer solution. Centrifuga-
tion (5 min) was performed following each wash. Cells were 
resuspended in 2 ml of phosphate buffer solution for 5 min. 
Subsequently, 5 µl Annexin V‑FITC (Lianke Biological Engi-
neering Co., Ltd., Zhejiang, China) and 10 µl propidium iodide 
(Lianke Biological Engineering Co., Ltd.) were added, and 
samples were incubated for 10 min at room temperature. Cells 
were stained in darkness at 4˚C for 30 min, and flow cytometry 
(Beckman Coulter, Inc., USA) was then used to analyze the 
rate of apoptosis. In the results of the apoptosis analysis, the 
left upper, right upper, left lower and right lower quadrants 
represent necrotic cells, late apoptotic cells, normal cells and 
early apoptotic cells, respectively. The right lower quadrant was 
selected for evaluation of the levels of apoptosis in Jurkat cells.

Western blotting. Western blotting was performed as described 
previously (13). Briefly, cells treated with 5, 10, or 20 mM 
Embelin for 24  h were lysed, and protein concentrations 

were determined using a Lowry protein assay kit (Sigma 
Corporation of America, New York, NY, USA). Protein 
samples (50 µg) were separated using SDS‑PAGE (Millipore 
Corporation, Billerica, MA, USA), transferred to a PVDF 
membrane, blocked in 5% dried non‑fat milk for 1 h at 25˚C, 
and then incubated with primary rabbit polyclonal antibodies 
to XIAP, (cat. no, sc‑11426; 1:1,000), and Caspase 3, 8 and 9 
(cat. no. sc‑7148; 1:500), and mouse monoclonal antibody to 
PARP (cat. no. sc‑56196; 1:1,000) were purchased from Santa 
Cruz Biotechnology, Inc.(Dallas, TX, USA) and primary 
mouse monoclonal antibody to GADPH (cat.  .no.  2118S; 
1:10,000) and primary rabbit polyclonal antibodies to Bcl‑2 
(cat. .no. 2870P; 1:1,000), Bcl‑XL (cat. .no. 2764P; 1:1,000) 
and Bax (cat. .no. 2774S, 1:1,000) were purchased from Cell 
Signaling Technology, Inc. (CST, CA, USA) overnight at 4˚C. 
Membranes were washed 3 times for 5 min with TBST and 
incubated for 1 h with fluorochrome‑labeled secondary anti-
bodies against rabbit or mouse (1:10,000; IRDye 800‑LI‑COR 
for rabbit antibodies or IRDye 700‑LI‑COR for mouse anti-
bodies; LI‑COR Biosciences, Ltd., Cambridge, UK). Following 
4 washes with TBST, expression of the target proteins were 
analyzed by imaging the membrane with a LI‑COR Odyssey 
infrared imager (LI‑COR Biosciences, Ltd.). GAPDH was 
used as an internal control.

Figure 1. Effect of Embelin on the proliferation of Jurkat cells. Viability rep-
resents the percentage of viable Jurkat cells measured using an MTS assay. 
*P<0.05, vs. control group.

Figure 2. Effect of Embelin on the proliferation and cell morphology of 
Jurkat cells. Representative images were captured. Magnification, x200.
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Statistical analysis. Data are reported as the mean ± standard 
error of the mean. A one‑way analysis of variance (ANOVA) 
was performed to determine the significance between groups. 
Tukey's method was used for multiple comparisons. P<0.05 
was considered to indicate a statistically significant difference. 
SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA)  
was used for data analysis.

Results

Effect of Embelin on the proliferation of Jurkat cells. The 
results of the MTS assay showed that all concentrations of 
Embelin used in the present study, significantly inhibited the 
proliferation of Jurkat T cell lymphoma cells in a dose‑ and 
time‑dependent manner, compared with proliferation of cells 
in the control group. As shown in  Fig. 1, following treatment 
with 5, 10 and 20 mM for 48 h, cell viability was ~82.31, 58.65 
and 37.62% respectively, which was significantly reduced 
compared with that in the control group and the 0.1% DMSO 
control group (P<0.01). It was also shown that the number of 
viable cells visible under the microscope was significantly 
reduced (Fig. 2). These results demonstrated the potency of 
Embelin in inhibiting the growth of T cell lymphoma cancer 
cells in vitro.

Effect of Embelin on the rate of apoptosis in Jurkat cells. 
Induction of apoptosis is the primary mechanism of action of 
Embelin. Therefore the mechanism underlying the induction 
of cell death by Embelin was examined using flow cytom-
etry. The results showed that all concentrations of Embelin 
used, significantly increased the rates of apoptosis of Jurkat 
T cell lymphoma cells, compared with rates in the control 
group (P<0.05). The percentage of apoptotic cells following 
treatment with 5, 10 and 20 mM Embelin, was ~9.65, 32.45 
and 40.79% respectively. An association between higher drug 
concentrations and increased apoptosis was also observed 
(P<0.05; Fig. 3, Table I). These data suggest that Embelin 
induces apoptosis of Jurkat cells in a dose‑dependent manner.

Effect of Embelin on activity of the caspase pathway in 
Jurkat cells. In order to examine the molecular pathways 
underlying the effects of Embelin on Jurkat cells, western 
blot analysis was performed to measure the activity of 
apoptosis‑related, caspase proteins. The results showed that 
treatment of Jurkat cells with Embelin for 48 h resulted in 
cleavage of caspase‑3, as demonstrated by the appearance 
of a 19 kDa intermediate. Furthermore, treatment of Jurkat 

cells with Embelin also resulted in significantly increased 
levels of cleaved caspase‑9, with no concomitant change in 
the levels of procaspase‑8 (Fig. 4A and B). Based on these 
results, it was hypothesized that Embelin triggers Jurkat 
cell apoptosis through the intrinsic but not the extrinsic 
pathway. Notably, treatment with the caspase‑3 inhibitor, 
z‑DEVD‑fmk, and the caspase‑9 inhibitor, Ac‑LEHD‑CHO, 
reduced the inhibitory effects of Embelin on Jurkat T cell 
lymphoma cells  (P<0.05; Fig. 4C). Activation of caspases 
during apoptosis partly accounts for the cleavage of certain 
cellular substrates, such as poly  ADP‑ribose polymerase 
(PARP). Therefore PARP has been adopted as a visual marker 
of caspase‑3 activity in the intrinsic apoptosis pathway. As 
shown in Fig. 4, the levels of cleaved PARP fragment (the 
active form) were significantly increased following the expo-
sure of cells to Embelin for 48 h, further clarifying the activity 
of caspase‑3 in Jurkat cells. These results also suggested that 
Embelin induces apoptosis of Jurkat cells via the intrinsic 
apoptotic pathway.

Table Ⅰ. Percentage of apoptotic Jurkat cells following treatment with various doses of Embelin.
 
Group	 Healthy cells (%)	 Apoptotic cells (%)	 Dead cells (%)
 
Control (DMSO)	 95.94±0.35	 3.05±0.73	 1.01±0.04
Embelin 5 mmol/ml	 87.35±0.94	 9.65±1.20a	 2.31±0.61
Embelin 10 mmol/ml	 58.24±1.53	 32.45±3.08a	 12.45±2.04
Embelin 20 mmol/ml	 50.16±0.69	 40.79±2.78a	 13.64±2.21

aP<0.05, vs. the control group.

Figure 3. Effect of Embelin on the rate of apoptosis rate of Jurkat cells. Left 
upper, right upper, left lower and right lower quadrants represent necrotic 
cells, late apoptotic cells, healthy cells and early apoptotic cells, respec-
tively. The right lower quadrant was selected for evaluation of the level of 
apoptosis in Jurkat cells.
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Effect of Embelin on the expression of apoptosis‑related 
proteins in Jurkat cells. Embelin is a small molecule inhibitor 
of XIAP that is used in traditional Chinese medicine. The 

results of the present study showed that 5‑20 mM Embelin 
downregulated the expression of XIAP in Jurkat cells (Fig. 5), 
suggesting that Embelin induces apoptosis of Jurkat cells, 

Figure 4. Effect of Embelin on the activity of the caspase pathway and effect of the caspase inhibitors, z‑DEVD‑fmk and Ac‑LEHD‑CHO, on Embelin‑treated 
Jurkat cells. (A) Effect of Embelin on the expression of caspase 3, 8 and 9, and PARP. Experiments were repeated in triplicate. (B) Quantitative analysis of the 
results presented in (A). (C) Effect of Embelin combined with caspase inhibitors, z‑DEVD‑fmk and Ac‑LEHD‑CHO, on the viability of Jurkat cells. **P<0.01, 
vs. 0.1% DMSO control group and #P<0.05, vs. 20 mM Embelin treatment group. PARP, poly ADP ribose polymerase; DMSO, dimethyl sulfoxide.

Figure 5. Effect of Embelin on the expression of XIAP and Bcl‑2 family proteins in Jurkat cells. *P<0.05, vs. the control group. XIAP, X‑linked inhibitor 
of apoptosis protein.

  B

  C

  A
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in part through regulation of the expression of XIAP. Mito-
chondrial integrity is regulated by the Bcl‑2 family, which 
is composed of proapoptotic members, including Bcl‑2 and 
Bcl‑xl, and antiapoptotic members, such as Bax (14,15). There-
fore, in the present study, the expression of these Bcl‑2 family 
members was detected in the Jurkat cells, following treatment 
with various concentrations of Embelin for 48 h. As shown 
in Fig. 5, decreased expression of Bcl‑2 and Bcl‑xl accompa-
nied by an increased expression of Bax was observed in Jurkat 
cells. These results demonstrated that regulation of the Bcl‑2 
family also is involved in the induction of apoptosis in Jurkat 
cells by Embelin.

Discussion

XIAP is a recently discovered key member of the IAP family 
and is the strongest inhibitor of apoptosis among the IAP 
proteins (16). XIAP functions to inhibit the activity of caspases, 
and therefore regulates apoptosis via multiple pathways (17). 
Overexpression of the XIAP gene is detected in the majority of 
tumor cell lines and is closely associated with the progression, 
recurrence, prognosis and resistance to chemotherapy of tumor 
cells (18). XIAP overexpression has also been demonstrated in 
a number of types of highly malignant tumor cell lines and is 
associated with resistance to chemotherapy of tumor cells (19). 
Embelin is a small molecule inhibitor of XIAP, used in tradi-
tional Chinese medicine that binds the Smac binding site in 
the BIR3 domain of XIAP, thus blocking the inhibitory effects 
of XIAP on caspases, increasing the level of active caspases, 
and thereby promoting apoptosis (20,21).

The present study examined the effects of Embelin on 
human acute T cell lymphoma Jurkat cells. Embelin inhib-
ited the proliferation of acute lymphoma Jurkat cells in a 
dose‑dependent manner. Furthermore, the caspase‑3 inhibitor, 
z‑DEVD‑fmk, and the caspase‑9 inhibitor, Ac‑LEHD‑CHO, 
inhibited the induction of apoptosis by Embelin. Western 
blotting results demonstrated that XIAP protein expression 
in the Embelin treatment groups was significantly decreased, 
compared with that in the control group (P<0.05). In addition, 
it was shown that Embelin treatment led to the activation 
of caspase‑3 and PARP. Furthermore, as the concentration 
of Embelin increased, the levels of caspase‑3 and PARP 
cleavage fragments also increased. Caspase‑3 is a member of 
the caspase family, and functions as the executor of apoptosis; 
its activation thus being important for cell apoptosis. Activa-
tion of caspase‑3 is primarily responsible for the cleavage of 
PARP and ultimately results in cell apoptosis (22,23).

The current study also confirmed that Embelin induces 
apoptosis by inhibiting the expression of XIAP and activating 
the caspase pathway. In addition, it was shown that following 
Embelin treatment, there was a dose‑dependent increase in 
the level of the caspase‑9 cleavage fragment in the Embelin 
treatment groups (5 and 10 mM Embelin) compared with the 
control group, however this effect did not increase further 
with 20 mM Embelin treatment, while no significant changes 
in the level of caspase‑8 were detected. The present study 
also demonstrated that Embelin upregulated the proapoptotic 
protein, Bax,and downregulated the expression of the anti-
apoptotic proteins, Bcl‑2 and Bcl‑xl, indicating that Embelin 
induces apoptosis via activation of the mitochondrial pathway. 

These results suggested that Embelin may induce apoptosis 
of Jurkat cells by inhibiting XIAP, Bcl‑2 and Bcl‑xl, and by 
increasing the expression of Bax, thus activating the caspase 
cascade reaction.

In conclusion, the current study showed that Embelin 
inhibits the growth and induces apoptosis of Jurkat cells 
in vitro, and that these effects are associated with its effect 
on XIAP and the intrinsic apoptotic pathway. These results 
suggest that Embelin may be a candidate for the treatment of 
T cell lymphoma.
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