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Abstract Tumor necrosis factor-related apoptosis-induc-

ing ligand (TRAIL) shows promising result in cancer therapy

and induces apoptosis in a wide variety of tumor cells, without

causing toxicity to normal cells. However, many tumor cells

including acute myeloid leukemia (AML) showed certain

degrees of resistance to TRAIL and the mechanism remains

largely unknown. Embelin is a potent XIAP inhibitor which

has been shown to inhibit the proliferation of tumor cells and

cause cell apoptosis. In this study, we investigated the effects

of Embelin on the TRAIL-induced apoptosis and the under-

lying mechanism. Here, we chose an adenovirus vector as the

expression vector for TRAIL, which was named Ad-TRAIL.

The results in vitro showed that the co-treatment of Embelin

and Ad-TRAIL has synergistically suppressed the prolifera-

tion of AML cells. Embelin has the ability to enhance TRAIL-

induced apoptosis and activate caspase pathway. More

interestingly, we found that the underlying mechanism

for these talent skills of Embelin is through reducing the

TRAIL-mediated activation of NF-jB and decreasing its

transcriptional activity. Furthermore, our results in vivo

suggest that combined therapy of Embelin and Ad-TRAIL

caused significant growth inhibition of HL-60 xenograft

tumors. Our results suggested that Embelin could sensitize

AML cell to TRAIL through the repression of NF-jB signal

pathway in vitro and in vivo, and combined therapy of Ad-

TRAIL and Embelin may be the attractive candidate for

clinical application in treatment of AML.
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Introduction

Acute myeloid leukemia (AML) is an aggressive malignancy

characterized by rapid growth of a clonal population of

neoplastic cells that accumulate in the bone marrow as a

result of a blockage in hematopoiesis. In spite of many efforts

in the past decades, the outcome for the patients remains

poor. AML is predominantly a disease of the elderly. Long-

term survival is achieved by approximately 40–45 % of

younger patients with AML but less than 10 % of patients

aged [60-years [1, 2]. Thus, new therapeutic approaches

should be explored with the hope of improving outcomes.

Tumor necrosis factor-related apoptosis-inducing ligand

(TRAIL), which is also designated as Apo-2, is a typical

member of the structurally related tumor necrosis factor

(TNF) family. TRAIL has been thought to be a new candidate

for anticancer therapy because TRAIL selectively suppresses

tumor growth in vivo and in vitro but has little or no effect on

normal cells. On the other hand, TRAIL can activate the

transcription factor NF-jB leading to transcription of genes

known to antagonize the death-signaling pathway [3].

Despite the attractive antitumor activity of TRAIL,

many cancer cells show resistance to TRAIL and the
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mechanism has not been fully elucidated [3]. Recent

studies demonstrated that combined treatment of TRAIL

and other drugs or chemicals can synergistically increase

the cell death and apoptosis of various tumor cells by

suppressing survival signals and gene expression as well as

activating apoptosis-associated gene expression [4–7].

Embelin has been used for thousands of years to treat

fever, inflammatory diseases, and a variety of gastrointes-

tinal ailments. More than 4 decades ago, the active com-

ponent from this plant was isolated and named Embelin

and was later chemically synthesized [8]. Embelin has been

shown to have antitumor, anti-inflammatory, and analgesic

properties [9]. Furthermore, it is reported that Embelin can

block NF-jB signaling pathway leading to suppression of

NF-jB-regulated antiapoptotic and metastatic gene pro-

ducts [10, 11]. Based on another report indicating that

TRAIL has the ability to activate both the apoptosis sig-

naling pathway and transcription factor NF-jB, which

allows transcription of genes known to antagonize the

death-signaling pathway [12–15], we hypothesized that

Embelin may have this capacity to inhibit NF-jB-depen-

dent transcription which sensitizes AML cells to TRAIL.

In this study, we employed Embelin and Ad-TRAIL to

co-operatively work on AML in vitro and in vivo for the

first time and examine whether Embelin can synergistically

promote TRAIL-induced apoptosis through blocking the

NF-jB pathway. Hoping it will provide a promising sup-

port for further research on AML in future.

Materials and Methods

Reagents

A 100 mM solution of Embelin (Sigma-Aldrich, St Louis,

MO) was prepared in dimethyl sulfoxide (DMSO), stored at

-20 �C, and then diluted as needed in cell culture medium.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT), Hoechst 33342, and propidium iodide (PI) were

obtained from Sigma-Aldrich (St Louis, MO). RPMI 1640

medium, penicillin, streptomycin, fetal bovine serum, tryp-

sin, and phosphate-buffered saline (PBS) were purchased

from GIBCO (Carlsbad, CA). Antibodies against Caspase-8

and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

were purchased from Cell Signaling (Danvers, MA). Anti-

bodies against Caspase-3, PARP, IkBa, p65, and p50 were

obtained from Santa Cruz Biotechnology (Santa Cruz, CA).

Cell Lines and Culture

Human AML cell lines HL-60 and KG-1 were obtained

from the Cell Bank of Type Culture Collection of Chinese

Academy of Sciences (CBTCCAS, Shanghai, China) and

maintained in RPMI 1640 medium supplemented with

10 % heat-inactivated fetal bovine serum at 37 �C in a

humidified air atmosphere with 5 % CO2.

Adenovirus Expression Vectors for TRAIL

An adenovirus expressing TRAIL was constructed as

described previously. Briefly, the full-length TRAIL was

cloned into the MCS of the pShuttleCMV, leading to the

production of pShuttleTRAIL. The recombinant Ad-

TRAIL was produced by in vitro recombination of pShuttle

TRAIL with pAdEasy as described previously [16].

Cytotoxicity Assay

The effects of Embelin on Ad-TRAIL-induced cytotoxicity

were determined by the MTT uptake method. Briefly, cells

were seeded in a 96-well plate (Corning) at a density of

1 9 104 cells/well in 100 ll of culture medium and treated

with Ad-TRAIL, Embelin, Ad-TRAIL plus Embelin, or

PBS. At the indicated time, 10 ll of MTT Reagent (5 mg

MTT/ml medium) was added to each well, and plates were

incubated for 3 h at 37 �C. The results were quantified by

measuring the absorbance at 490 nm with a microplate

reader (Tecan, Maennedorf, Switzerland).

Western Blot Analysis

HL-60 cells were cultivated and treated as mentioned

above. Following indicated treatments, cells were washed

twice with PBS and lysed in RIPA buffer [0.5 M Tris–HCl

(pH 7.4), 1.5 M NaCl, 2.5 % deoxycholic acid, 10 %. NP-

40, 10 mM EDTA] (20-188, Upstate, CA, USA). Proteins

were separated by electrophoresis on 12 % SDS-poly-

acrylamide gel, transferred to a PVDF (Polyvinylidene

Fluoride) membrane, immunostained with appropriate

antibody, and visualized. The primary antibodies and their

dilutions used were caspase-8 (1:1000), caspase-3 (1:200),

PARP (1:200), IkBa (1:200), p65 (1:200), p50 (1:200), and

GAPDH (1:1,000). The secondary antibodies used were

anti-rabbit (1:10,000) and anti-mouse (1:5,000).

Flow Cytometry Analysis

HL-60 and KG-1 cells were treated with Embelin and/or

Ad-TRAIL. After 24 h, apoptotic cells were examined

using Annexin V-FITC and PI double staining following

the manufacturer’s instructions. Briefly, cells were har-

vested by careful centrifugation, washed twice with

19 Annexin V binding buffer, resuspended in binding

buffer, and stained with Annexin V and PI. Cell apoptosis

was detected using the FACS (FACStar cytofluorometer,

BD Biosciences).
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Animal Experiments

All animal experimental protocols were approved by the

Animal Care and Use Committee of the Zhejiang Pro-

vincial People’s Hospital and were in compliance with

Guidelines by the National Academy Press (NIH Publi-

cation No. 85-23, revised 1996). All animals were kept

at 23–25 �C with a 12-h light/dark cycle and allowed

standard chow and water until the time of the study.

Female BALB/c nude mice (4-week-old) were purchased

from Shanghai Experimental Animal Center (Shanghai,

China). For establishment of xenograft, HL-60 cells were

subcutaneously injected into the right flank of each

mouse at a dose of 5 9 106 cells in 100 ll DMEM.

When tumors reached 100–150 mm3 in size, mice were

divided randomly into three groups (six mice per group).

Ad-TRAIL (1 9 1010 PFUs per mouse, intra-tumor) and

Embelin (30 mg/kg, intraperitoneal) were injected every

five days.

Statistical Analysis

All data were expressed as the mean ± standard deviation

and analyzed by SPSS 11.0 software (SPSS Inc. Chicago,

IL, USA). Data analysis was performed using t tests, and

P \ 0.05 was considered statistically significant.

Results

Enhanced Antitumor Effect Using a Combination

of Ad-TRAIL and Embelin

As a novel chemotherapeutic drug, Embelin was reported

to block NF-jB-signaling pathway leading to suppression

of NF-jB-regulated antiapoptotic and metastatic gene

products [13]. To evaluate the cytotoxic effects of Ad-

TRAIL and Embelin, two AML cell lines (HL-60, KG-1)

were infected with Ad-TRAIL or in combination with

Fig. 1 Enhanced suppression of tumor cell proliferation using the

combination of Ad-TRAIL and Embelin. The tumor cells HL-60

(a) and KG-1 (c) were treated with Ad-TRAIL, Embelin, or Ad-

TRAIL ? Embelin at the indicated concentration for 48 h. Data are

presented as mean ± SD of three independent experiments.

Synergistic effect of Ad-TRAIL combined with Embelin on HL-60

(b) and KG-1 (d) was quantified by combination index (CIN) analysis

and expressed as lg (CIN) versus fraction affected. Where calculable,

95 % confidence intervals are shown
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Embelin. The MTT assay was performed, and the results

are shown in Fig. 1. The results suggest that the combi-

nation of Ad-TRAIL and Embelin has an enhanced tumor-

killing effect.

Apoptosis Induction by Treatment with Ad-TRAIL

and/or Embelin

Ad-TRAIL could efficiently mediate TRAIL expression in

tumor cells, as shown in our previous study. We detected

TRAIL protein expression in HL-60 cells by Western Blot.

To determine whether Embelin affects TRAIL expression,

we treated the cancer cell line and HL-60, with Ad-TRAIL

alone or Ad-TRAIL plus Embelin. The results indicated that

Embelin did not attenuate the expression of TRAIL

(Fig. 2a). To determine the underlying mechanism by which

Ad-TRAIL, Embelin alone, or a combination of Ad-TRAIL

and Embelin can induce apoptosis in cancer cells, the

activation of caspase-3 and death substrate, poly(ADP-

ribose)polymerase (PARP), was detected by Western Blot-

ting analysis (Fig. 2b). The results showed that the cleavage

of caspase-3 and PARP was observed in the tumor cells, HL-

60 after treatment with Ad-TRAIL plus Embelin for 48 h.

Flow cytometry analysis was performed to confirm the

enhanced apoptosis of tumor cells after treatment with

combined Ad-TRAIL and Embelin therapy. The percent-

age of apoptosis was determined by Annexin V and PI

staining. The combination of Ad-TRAIL with Embelin

showed a higher percentage of cell apoptosis in HL-60

cells compared with other groups (Fig. 3). These obser-

vations were consistent with the morphological features.

Most tumor cells died during treatment with combined Ad-

TRAIL and Embelin, as shown by cell surface blebbing

and the formation of apoptotic bodies.

Taken together, Ad-TRAIL could lead to efficient

tumor-specific replication and TRAIL expression and sig-

nificantly induce tumor cell apoptosis. The combination of

Ad-TRAIL and Embelin resulted in a significantly

enhanced antitumor effect.

Embelin Inhibits TRAIL-Induced Activation of NF-jB

in AML Cells

To testify the hypothesis proposed in the introduction, we

detected the IjBa, p65, and p50 changes in the indicated

treatments using Western blot. As the results shown in

Fig. 4, the reduced expression of IjBa, p65, and p50 in the

combined treatment of Embelin and Ad-TRAIL is much

more dramatic than that of the TRAIL-induced alone,

while less than that of Embelin treatment, which implied

that Embelin can reduce the TRAIL-mediated activation of

NF-jB and decrease its transcriptional activity which

promotes TRAIL-induced apoptosis (Fig. 4).

Animal Experiments to Evaluate Therapeutic Efficacy

To investigate the therapeutic effects of combination of

Ad-TRAIL and Embelin in vivo, HL-60 cells were used to

establish a model of AML tumor on athymic nude mice. As

shown in Fig. 5a, various degrees of tumor growth inhi-

bition were observed after Ad-TRAIL & Embelin-treated

or Ad-TRAIL-treated. The average volume of Ad-TRAIL

& Embelin-treated HL-60 xenograft tumors was about

432 mm3 at the end of the experiment compared to that of

in the Ad-TRAIL-treated group (1803 mm3) and in the

PBS-treated group (2549 mm3).

87.5 % mice treated with the combination agents survived

up to 43 days after implantation with tumor cells, while the

Fig. 2 Apoptosis induction by treatment with Ad-TRAIL and/or

Embelin. a Effect of Embelin on the expression of the TRAIL gene.

TRAIL was detected by Western blot analysis when HL-60 cells were

treated with Ad-TRAIL (20 MOI) or Ad-TRAIL (20 MOI) plus

Embelin (10 lM). b HL-60 cells were treated with Ad-TRAIL (20

MOI), Embelin (10 lM), or a combination of Ad-TRAIL (20 MOI)

and Embelin (10 lM) for 48 h. Whole cell extracts were prepared and

immunoblotted for the detection of activation of caspase pathway.

GAPDH was used as a loading control

294 Cell Biochem Biophys (2015) 71:291–297

123



Ad-TRAIL- and Embelin-treated groups had 12.5 and

62.5 %, respectively; animals alive after 43 days compared

with PBS-treated group with no animals surviving (Fig. 5b).

Discussion

TRAIL is thought to be an attractive antitumor gene for

its ability to induce apoptosis in various tumor cells, but

elicits little cytotoxicty against normal cells. It induces

tumor cell apoptosis through extrinsic apoptotic signal

pathway which includes caspase-8 activation, Bid cleav-

age, cytochrome c release, caspase-3 activation, and cell

apoptosis. On the other hand, TRAIL can activate another

signal mediated by the transcription factor NF-jB, lead-

ing to transcription of genes known to antagonize the

death signaling pathway [15] These two signal pathways

function in opposite. Thus, TRAIL-induced apoptosis can

Fig. 3 Apoptosis detection by Annexin V-FITC and PI staining assay

after treatment with combined Ad-TRAIL and Embelin therapy.

a Percent apoptotic cell death was determined by FACS 48 h after

treatment of Ad-TRAIL, Embelin alone, or Ad-TRAIL plus Embelin.

b A column graph representing the mean values of three cytometric

assays. *P \ 0.01
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be significantly augmented by inhibition of the NF-jB

activation pathway [17, 18].

Although TRAIL is thought to be a highly promising

candidate for cancer treatment, the use of TRAIL has major

limits in clinical application for its resistance in a variety of

cancer cells [18]. Recent studies demonstrated that com-

bination treatment of TRAIL and other drugs or chemicals

can synergistically increase cell death and apoptosis of

various tumor cells by suppressing survival signals and

gene expression as well as activating apoptosis-associated

gene expression [4, 19]. Many studies have shown that

conventional cytotoxic drugs such as antioxidants and

novel molecular-targeted agents or irradiation markedly

sensitize TRAIL-induced apoptosis in TRAIL-resistant

cancer cells [20, 21]. In fact, it is estimated that the small

molecule XIAP inhibitor can increase TRAIL-induced

apoptosis by down-regulating Bcl-2 and subsequently

increasing caspase-3 activation [22]. We herein hypothe-

sized that other small molecule XIAP inhibitors, such as

Embelin, can also increase the TRAIL-induced cell apop-

tosis and may have a different triggering mechanism. Our

results indicated that Embelin co-treated with Ad-TRAIL

can synergistically suppress the survival of AML cells

in vitro and in vivo and the combination of these two

agents can remarkably increase the activation of apoptotic

elements, such as caspase-3 and PARP, thus enhancing the

tumor cells apoptosis. These results suggested that Embelin

can significantly relieve TRAIL-induced apoptosis from

TRAIL-resistant cancer cells and increase TRAIL-induced

apoptosis in these resistant tumor cells.

Based on the reports that Embelin can block NF-jB-

signaling pathway leading to suppression of NF-jB-regu-

lated antiapoptotic and metastatic gene products, we

hypothesized that the underlying mechanism of Embelin

sensitizing AML cells to TRAIL-induced apoptosis is

probably to inhibit NF-jB-dependent transcription. So we

detected the expression of NF-jB-signaling pathway in

AML cells co-treated with Embelin and Ad-TRAIL. The

results showed that Embelin can indeed assist TRAIL to

reduce the expression level of members in NF-jB pathway,

such as IjBa, p65, and p50, which suggested that Embelin

can inhibit the TRAIL-mediated activation of NF-jB and

decrease its transcriptional activity which promotes

TRAIL-induced apoptosis.

Fig. 4 Embelin inhibits TRAIL-induced activation of NF-jB in

AML cells. HL-60 cells were treated with Ad-TRAIL (20 MOI) or

Ad-TRAIL (20 MOI) plus Embelin (10 lM). After 48 h, cell lysates

were collected and Western blot assay was performed to examine the

changes of IjBa, p65, and p50. GAPDH was used as a loading control

Fig. 5 Antitumor efficacy in established HL-60 tumors in vivo. Mice

bearing subcutaneous HL-60 xenografts (n = 8) were randomized to

receive one of the following intratumoral injections on 5 consecutive

days: PBS, Ad-TRAIL, Embelin, and Ad-TRAIL & Embelin. a Time

courses of changes in tumor volume in each group are shown.

b Survival curve analysis. The percentage of surviving mice was

determined by monitoring the death of mice over a period of 43 days.

Mice treated with combination therapy showed significant survival

advantage over mice treated with other groups
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In conclusion, our study demonstrated that Embelin can

increase the TRAIL-induced apoptosis in AML cells

in vitro and in vivo. The underlying mechanism is to

suppress the NF-jB-dependent survival pathway. In other

words, Embelin can significantly relieve TRAIL-induced

apoptosis from the resistance against TRAIL in cancer

cells, thus sensitizing tumor cells to TRAIL-induced

apoptosis, which indicates a potent therapeutic strategy for

cancer therapy in future.
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