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Hepatocellular carcinoma (HCC) is one of the most common malignancies, with a poor prognosis and high 
recurrence rate. In the present study, we identified CD133, one of the markers of cancer stem cells, as a novel 
molecular target of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL). In four human HCC cell 
lines established from primary HCC tumors, we found that CD133-high human liver cancer stem-like cells 
(CD133hi) derived from the SNU-475 cell line were highly susceptible to TRAIL compared to other HCC cell 
lines with a small population of CD133. CD133hi SNU-475 cells showed upregulation of TRAIL receptor DR5 
and stemness-related genes such as c-Myc and ABC transporters compared to their CD133-low (CD133lo) 
cells. Hypersensitivity of CD133hi cells to TRAIL was associated with c-Myc-mediated upregulation of DR5 
and downregulation of c-FLIPL in the cells. Knockdown of CD133 expression in CD133hi cells resulted in the 
downregulation of c-Myc, and depletion of c-Myc caused a decrease in the cell surface expression of DR5 
and an increase in the expression of c-FLIPL and, consequently, attenuated TRAIL-induced cytotoxicity and 
apoptosis of CD133hi cells. These results suggest that TRAIL may provide a new strategy for CD133hi CSCs of 
HCC-targeted therapies and, potentially, for therapies of other CD133-expressing types of cancer.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents the major 
histological subtype among liver cancers and is one of 
the most common malignant human tumors worldwide. 
Several human cancers contain a small subpopulation of 
cells called cancer stem-like cells (CSCs) (1), and also 
functional liver cancer stem cells were found in HCC cell 
lines (2). CSCs are difficult to treat with conventional 
methods because of their therapy-resistant phenotype as 
well as their ability to stimulate angiogenesis and metas-
tasis. The successful eradication of cancer requires anti-
cancer therapy that affects the differentiated cancer cells 
and the potential CSC population. CSCs showed prefer-
ential expression of some stem cell-associated genes and 
were more resistant to chemotherapeutic agents due to 
the upregulation of several ATP-binding cassette (ABC) 
transporters (3). Among all of the protective mechanisms 
for CSCs, ABC protein overexpression is one of the most 
reported. Acquisition of drug resistance is the active efflux 
of chemotherapeutic agents via ABC transporters such as 
P-glycoprotein (P-gp/ABCB1), breast cancer resistance 

protein (BCRP/ABCG2), and multidrug resistance pro-
teins (MRP/ABCC1).

CD133, a five-transmembrane cell surface glycopro-
tein, may play an important role in chemoresistance and 
recurrence (4) and is widely used as a molecular marker 
to represent the subset population of CSCs in various 
types of tumors as well as HCC (5–12). It was reported 
that CD133+ cells were found in some of the primary 
human HCC tissue samples and in regenerative liver after 
massive necrosis but not in normal liver tissues (13), and 
an elevated CD133 level indicates a poor prognosis for 
patients with HCC (14). It has been reported that suppres-
sion of CD133 enhances the sensitivity of liver CSCs to 
chemotherapy and radiotherapy (15). Therefore, target-
ing CD133 as a means to eradicate the therapy-resistant 
liver CSCs may increase chemotherapeutic efficacy and 
improve the prognosis for patients with HCC.

The tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) has been suggested as a promising anti-
cancer agent, as it can induce apoptosis in a wide range 
of cancers without significant cytotoxicity toward normal 
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cells (16). After binding of TRAIL to the death recep-
tors TRAIL-RI (DR4) and/or TRAIL-RII (DR5), the 
activated receptors recruit an adapter protein called Fas-
associated death domain (FADD) and procaspase 8 mol-
ecule to form a death-inducing signaling complex (DISC) 
(17,18). On joining the DISC, caspase 8 is activated and 
promotes apoptosis by activating downstream effector 
caspases (19). Recruitment of cellular-FLICE inhibitory 
protein (c-FLIP) including both FLIPL and FLIPS blocks 
the processing and activation of procaspase 8 and 10 at 
the DISC level and inhibits cell death mediated by the 
DR4 and DR5 (20). As a result, c-FLIP hinders apoptosis 
by inhibiting the activation of caspase 8, and thus inhi-
bition of c-FLIP enhances TRAIL-induced apoptosis in 
cancer cells (21).

The deregulation of c-Myc confers a selective advan-
tage on cancer cells by promoting proliferation and cell 
survival. In CSCs, c-Myc expression is higher than in 
other cancer cells and plays an important role in CSC 
proliferation and survival (22). It has been shown that 
c-Myc can enhance TRAIL susceptibility via direct repres-
sion of c-FLIP expression (23) and upregulation of the 
cell surface level of DR5 (24). In addition, multidrug-
resistant (MDR) cancer cells expressing a high level 
of P-gp and c-Myc were highly susceptible to TRAIL 
treatment (25). We therefore hypothesize that TRAIL 
could be used to eliminate liver CSCs or CSC-like cells 
expressing a high level of c-Myc. This study represents 
the molecular mechanism of TRAIL susceptibility in 
liver CSCs with high-level CD133 and suggests TRAIL 
as a candidate agent for targeting eradication of CD133-
enriched CSCs.

MATERIALS AND METHODS

Cell Culture and Reagents

HCC cell lines (SNU-353, SNU-423, SNU-449, and 
SNU-475) derived from HCC tissues of patients (26) were 
purchased from the Korean Cell Line Bank. Cells were 
cultured in RPMI medium (Invitrogen, Carlsbad, CA, 
USA) containing 10% (v/v) fetal bovine serum (Gibco 
BRL, Life Technologies, Carlsbad, CA, USA), penicil-
lin (100 U/ml), and streptomycin (100 μg/ml) (Sigma-
Aldrich, St. Louis, MO, USA). Cells were maintained in 
an incubator (5% CO2 and 95% O2 at 37°C) as adherent 
monolayers. The recombinant human soluble TRAIL was 
obtained from R&D Systems (Minneapolis, MN, USA). 
Doxorubicin (DOX) and vinblastine (VBL) were pur-
chased from Sigma-Aldrich.

Cell Proliferation Assay

Cell proliferation was measured by counting viable 
cells using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) dye reduction method. 

Exponentially growing cells (2 × 104 cells/well) were 
plated in a 96-well plate and incubated in growth medium 
treated with the indicated doses of TRAIL, DOX, or VBL 
at 37°C. After 96 h, the medium was removed using cen-
trifugation, and MTT formazan crystals were solubilized 
in 100 μl of DMSO. The optical density of each sample 
at 570 nm was measured using ELISA reader. The optical 
density of the medium was proportional to the number of 
viable cells. Inhibition of proliferation was evaluated as 
a percentage of control growth (no drug in the medium). 
All experiments were repeated in at least two experi-
ments, in triplicate.

Apoptosis Assay

Cells (2 × 105 cells/ml) were treated with or without 
TRAIL for the indicated time points. Apoptosis was mea-
sured by annexin V assay. The cells were centrifuged and 
resuspended in 500 μl of a staining solution containing 
annexin V fluorescein (FITC Apoptosis Detection Kit; 
BD Pharmingen, San Diego, CA, USA) and propidium 
iodide (PI) in PBS. After incubation at room temperature 
for 15 min, the cells were analyzed by flow cytometry. 
Annexin V binds to cells that express phosphatidylserine 
on the outer layer of their cell membrane, and PI stains 
the cellular DNA of cells with a compromised cell mem-
brane. This allows for the discrimination of live cells 
(unstained with either fluorochrome) from apoptotic cells 
(stained only with annexin V) and necrotic cells (stained 
with annexin V and PI).

Western Blot Analysis

Cells were washed in ice-cold phosphate buffer, lysed 
in lysis buffer consisting of 1% (w/v) SDS, 1 mM sodium 
orthovanadate, and 10 mM Tris (pH 7.4) and sonicated 
for 5 s. Lysate-containing proteins were quantified using 
a Bradford Protein Assay Kit (Pierce, Rockford, IL, 
USA). Protein samples were separated by 8%–12% SDS-
PAGE using a mini gel apparatus (Bio-Rad, Hercules, 
CA, USA) and were transferred onto nitrocellulose mem-
branes (Hybond-ECL; GE Healthcare, Piscataway, NJ, 
USA). Each membrane was blocked with 5% skim milk in 
Tris-buffered saline containing 0.05% Tween-20. Protein 
bands were probed with primary antibody followed by 
labeling with HRP-conjugated anti-mouse, anti-rabbit 
secondary antibody (Cell Signaling Technology, Danvers, 
MA, USA). The antibodies used were poly(ADP-ribose) 
polymerase (PARP), caspase 3 and b-actin (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), caspase 8 and 
c-FLIPL/S (Cell Signaling Technology), DR4 and DR5 
(Upstates, Merck-Millipore, Darmstadt, Germany), c-Myc 
(Abcam, MA, USA), and b-tubulin (Sigma-Aldrich) anti-
bodies. Bands were visualized by enhanced chemilumi-
nescence (Amersham Pharmacia Biotech, Piscataway, 
NJ, USA) according to the manufacturer’s instructions.
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Flow Cytometric Analysis of TRAIL Receptors

The treated cells (3 × 105 cells/well) were centrifuged 
at 500 × g and resuspended in 500 μl PBS. The cells were 
then incubated with 5 μl of mouse IgG, anti-DR4, or anti-
DR5 monoclonal mouse antibody (1:100; R&D Systems) 
for 30 min. After washing with PBS, FITC-conjugated 
rabbit anti-mouse IgG (1:200) was added to the cell 
suspension and incubated for 30 min on ice followed 
by washing with PBS. After rinsing, the samples were 
analyzed by flow cytometry using a FACSCalibur flow 
cytometer (Becton Dickinson, San Jose, CA, USA). The 
data were analyzed using the CellQuest program.

Conventional Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR)

Total RNA was extracted from cells using the RNeasy 
Mini Kit (Qiagen, Hilden, Germany), and the RNA 
con centration was determined from the absorbance 
at 260 nm. First-strand DNA was reverse transcribed 
from 1 μg of total RNA in a final volume of 10 μl. The 
DNA was added to a 20-μl PCR reaction mixture with 
each set of gene-specific primers: the 5¢-forward and 
3¢-reverse complement PCR primers for amplification 
of each gene were as follows: b-catenin, 5¢-TGGGGT 
AAGGGTGTAGGGAG-3¢ (forward) and 5¢-GACCCC 
TGATCTTCTGGCAT-3¢ (reverse); DR4, 5¢-AGGGATG 
GTCAAGGTCAAGG-3¢ (forward) and 5¢-ATGAGCTG 
GTCCCAGG AGTC-3¢ (reverse); DR5, 5¢-CGAGATGC 
CTCTGTCCACAC-3¢ (forward) and 5¢-CACAAACGG 
AATGATCCAG-3¢ (reverse); ABCG2, 5¢-GACAGTTTC 
CAATGACCTGA-3¢ (forward) and 5¢-TTACATTTGA 
AATTGGCAGG-3¢ (reverse); ABCC1, 5¢-GGTGCCTT 
GTTTTTACCTCT-3¢ (forward) and 5¢-AAGACTGAAC 
TCCCTTCCTC-3¢ (reverse); ABCB1, 5¢-GGAAGCCAA 
TGCCTATGACTTTA-3¢ (forward) and 5¢-GAACCACT 
GCTTCGCTTTCTG-3¢ (reverse); c-Myc, 5¢-GCAGCC 
GTATTTCTACTGCG-3¢ (forward) and 5¢-GTCGTTGA 
GAGGGTAGGGGA-3¢ (reverse); CD133, 5¢-AGTCGG 
AAACTGGCAGATAGC-3¢ (forward) and 5¢-GGTAGT 
GTTGTAGGGGCCAAT-3¢ (reverse); CD44, 5¢-AAATG 
CACCATTTCCTGAGA-3¢ (forward) and 5¢-AGAAGG 
TGTGGGCAGAAGAA-3¢ (reverse); Oct4, 5¢-CCTGAA 
GCAGAAGAGGATCA-3¢ (forward) and 5¢-CCGCAG 
CTTACACATGTTCT-3¢ (reverse); FLIPL, 5¢-TTCCAGG 
CTTTCGGTTTCTT-3¢ (forward) and 5¢-GTCCGAAAC 
AAGGTGAGGGT-3¢ (reverse); FLIPS, 5¢-ACCCTCACC 
TTGTTTCGGAC-3¢ (forward) and 5¢-CTTTTGGATTG 
CTGCTTGGA-3¢ (reverse); b-actin, 5¢-ACCAACTGGG 
ACGACATGGA-3¢ (forward) and 5¢-GTGAGGATCTT 
CATGAGGTA-3¢ (reverse). The thermal cycling condi-
tions used consisted of initial denaturation at 95°C for 
2 min, followed by 30 cycles of 95°C for 20 s, 60°C for 
40 s, and 72°C for 60 s, and a final extension for 5 min 
at 72°C. The final PCR products were electrophoresed on 

1.2% agarose gel and photographed under UV illumina-
tion. In all experiments, b-actin was used as the endog-
enous control.

Statistical Analysis

The results obtained were expressed as the mean ± SE of 
at least three independent experiments. The statistical sig-
nificance of differences was assessed using the Student’s 
t-test. Values of p < 0.05, p < 0.01, and p < 0.001 were con-
sidered statistically significant in all experiments.

RESULTS

Comparison of TRAIL Sensitivity Among Different 
Human HCC Cell Lines Established From Primary 
HCC Tumors and CD133 as a Novel Molecular 
Target of TRAIL

CD133 has attracted increasing attention as an 
important liver CSC marker (27) since elevated CD133 
expression levels in patients with HCC correlated with 
increased tumor grade, advanced disease stage, and 
higher recurrence rates compared to patients who had 
low CD133 expression (14). We examined whether 
CD133 targeting with TRAIL could be an efficient 
treatment for human HCC. To compare TRAIL-induced 
cytotoxicity in well-characterized HCC cell lines from 
human primary liver cancers, four different HCC cell 
lines were treated with increasing concentrations of 
TRAIL, and TRAIL-induced cytotoxicity in these cells 
was determined by MTT assay. SNU-475 cells were 
hypersensitive to TRAIL, whereas the other three HCC 
cell lines (SNU-423, SNU-449, and SNU-354) were less 
sensitive or resistant to TRAIL (Fig. 1A). Therefore, we 
next compared the expression of CD133 in four HCC 
cell lines using fluorescence-activated cell sorting 
(FACS) analysis. The level of CD133 in SNU-475 cells 
was significantly higher than that in the other three cell 
lines, suggesting that the expression of CD133 could be 
able to confer susceptibility to TRAIL (Fig. 1B). To bet-
ter understand the relationship between CD133 expres-
sion and TRAIL sensitivity, SNU-475 and other cell 
lines treated with TRAIL were subjected to Western blot 
analysis to determine the expression of endogenous pro-
teins involving CD133 and caspase activities. The level 
of CD133 in SNU-475 cells was significantly higher 
than that in the other three cell lines. In addition, SNU-
475 cells showed that the levels of c-Myc and DR5 were 
increased, and the level of c-FLIPL was decreased, when 
compared with other HCC cell lines with a low level of 
CD133. Moreover, the activation of caspase 8 and 3 by 
TRAIL in SNU-475 cells was more prominent in other 
HCC cell lines (Fig. 1C). These results strongly suggest 
that CD133 could serve as a target for TRAIL treatment 
in HCC.
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Isolation of CSC-Enriched CD133-High Cell 
Population From SNU-475 HCC Cells and Its 
Expression of Stemness-Related Genes and 
Differential Chemosensitivity

In order to address the mechanism by which SNU-
475 cells confer hypersensitivity to TRAIL, CD133-
enriched fraction was isolated from SNU-475 cells 
by FACS (Fig. 2A). The parental SNU-475 cells 
showed approximately 40% positive for CD133, and, 

after sorting, CD133-high (CD133hi) and CD133-low 
(CD133lo) fractions contained approximately 93% and 
14% of CD133+ cells, respectively. One characteristic 
of CSCs is drug resistance, possibly due to enrichment 
of ABC drug transporter proteins in CSCs and resultant 
rapid and effective efflux of drugs out of the cells (28). To 
understand the distinction between the CD133-enriched 
and -low fraction of SNU-475 cells, we therefore deter-
mined the mRNA expression of the drug transporter 

Figure 1. Differential TRAIL sensitivity and expression pattern of CD133 and TRAIL-induced caspase activation among four HCC cell 
lines of primary HCC tumors. (A) The indicated cell lines were treated with various concentrations of TRAIL for 96 h. Percentage of cell 
survival was determined after 96 h of incubation using MTT assay. Each bar represents the mean ± SD of triplicate experiments. **p < 0.01 
and ***p < 0.001. (B) The cell surface expression of CD133 after labeling each cell line with anti-CD133 antibody (1:10) was quantified 
by flow cytometry. (C) For the indicated cell lines treated with TRAIL (2.5 or 5 ng/ml for 6 h), the levels of CD133, DR5, c-FLIPL, and 
c-Myc and activation of caspase (casp) were determined by Western blot analysis. b-Tubulin (tubulin) was used as a loading control.
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genes (ABCB1, ABCC1, and ABCG2) and stemness- 
related genes (Oct4, CD44, and b-catenin) in both 
CD133hi and CD133lo SNU-475 cells using RT-PCR 
assay (Fig. 2B). Higher mRNA levels of ABC drug 
transporter and stemness-related genes were observed 
in CD133hi cells compared to their CD133lo counter-
parts, suggesting that CD133hi SNU-475 cells might be 
a CSCs phenotype of HCC. Next, we compared the via-
bility of CD133hi and CD133low SNU-475 cells treated 
with increasing doses of DOX and VBL as MDR-related 
drugs, and TRAIL as MDR-unrelated drug. CD133hi 

SNU-475 cells showed differential susceptibility against 
MDR-related drugs and TRAIL. The CD133hi cells were 
more resistant to MDR-related drugs (DOX and VBL) 
than their CD133lo counterparts (Fig. 3A and B), sug-
gesting that the CD133hi cells are enriched in CSCs with 
MDR phenotype resulting from overexpression of ABC 
drug transporter genes. In contrast with resistance to 
MDR-related drugs, the CD133hi cells were more sen-
sitive to TRAIL than their CD133lo counterparts (Fig. 
3C), indicating that expression of CD133 may cause 
hypersensitivity to TRAIL of SNU-475 cells.

Figure 2. Identification of CD133hi SNU-475 cells using the cell surface marker CD133 and expression of stemness-related mol-
ecules. (A) After labeling SNU-475 cells with anti-CD133 antibody (1:10), the cell surface expression of CD133 was quantified by 
flow cytometry, and CD133lo (left) and CD133hi (right) cells were isolated from SNU-475 cells. Histograms showed fluorescence 
intensity of isotype control (shaded peak) and CD133-PE-stained cells (unshaded peak). (B) RT-PCR was performed to compare the 
mRNA levels of drug transporter and stemness-related genes in both CD133lo and CD133hi SNU-475 cells. b-Actin (actin) was used 
as a loading control of both cells.
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High Susceptibility of CD133hi SNU-475 Cells 
to TRAIL Through c-Myc-Mediated Upregulation 
of DR5 and Downregulation of c-FLIPL

Since TRAIL acts through the TRAIL receptors (DR4 
and DR5) to induce apoptosis, we next determined differ-
ences in cell surface expression of DR4 and DR5 between 
CD133hi and CD133lo SNU-475 cells. In the flow cyto-
metric analysis, cell surface expression of DR5, but not 
DR4, in CD133hi cells was significantly increased when 
compared to that in their CD133lo counterparts (Fig. 4A). 
It has been reported that c-Myc plays a key role in regu-
lating proliferation and growth of the CD133+ cancer 
stem cells (22,29) and in modulating TRAIL sensitiv-
ity (23,24). Therefore, we evaluated changes in mRNA 
and protein levels of c-Myc, as both positive regulator of 
DR5 and negative regulator of c-FLIP, between CD133hi 
and CD133lo SNU-475 cells (Fig. 4B). The mRNA and 

protein levels of c-Myc in the CD133hi cells were sig-
nificantly increased compared to those in their CD133lo 
counterparts. Moreover, the mRNA and protein levels of 
DR5 in the CD133hi cells were higher than those in their 
CD133low counterparts, whereas DR4 mRNA and protein 
levels were similar in both cells. We also checked the dif-
ferential expression level of c-FLIP, a negative regulator 
of TRAIL signal, in both cells. The mRNA and protein 
levels of c-FLIPL in the CD133hi cells were decreased 
compared with those in their CD133lo counterparts. 
However, the c-FLIPS mRNA and protein levels were 
similar in both cells. Therefore, these results indicate that 
hypersensitivity of CD133hi SNU-475 cells to TRAIL is 
closely associated with c-Myc-mediated upregulation of 
DR5 and downregulation of c-FLIPL. Since the CD133hi 
cells showed upregulation of DR5 and downregulation 
of c-FLIPL, we next examined whether the CD133hi cells 

Figure 3. Differential sensitivity of CD133hi SNU-475 cells to chemotherapeutic drugs and TRAIL. CD133lo and CD133hi SNU-
475 cells were treated with the indicated concentrations of doxorubicin (DOX) (A), vinblastine (VBL) (B), and TRAIL (C) for 96 h. 
Percentage of cell survival was determined after 96 h of incubation using MTT assay. Each bar represents the mean ± SD of triplicate 
experiments. *p < 0.05, **p < 0.01, and ***p < 0.001.
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were more susceptible to TRAIL-induced apoptosis than 
their CD133lo counterparts (Fig. 5A). The degree of apo-
ptotic cell death was approximately 59% in the CD133hi 
cells after treatment with 10 ng/ml TRAIL, while that 
in their CD133lo counterparts was approximately 27%, 

even after treatment with 20 ng/ml TRAIL, suggesting 
that CD133hi SNU-475 cells might be more susceptible to 
TRAIL-induced apoptosis than their CD133lo counterparts 
caused by both upregulation of DR5 and downregulation 
of c-FLIPL. Consistent with the increased susceptibility of 

Figure 4. Upregulation of c-Myc and DR5 and downregulation of c-FLIPL in CD133hi SNU-475 cells. (A) CD133lo and CD133hi SNU-
475 cells were stained with control IgG or anti-DR4 (or anti-DR5) antibody (1:100), and subsequently labeled with FITC-conjugated 
secondary antibodies (1:100) to determine the surface expression of DR4 and DR5. The cell surface expression was measured by a 
flow cytometer. Shaded and unshaded peaks correspond to control and specific stainings, respectively. (B) The mRNA and protein 
levels of c-Myc, DR4/DR5, and c-FLIPL/S were determined by RT-PCR and Western blot, respectively.
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the CD133hi SNU-475 cells to TRAIL, activation of pro-
caspase 8, procaspase 3, and PARP in the CD133hi cells 
was more prominent than in their CD133lo counterparts 
(Fig. 5B). As cleavage of caspases is a common indicator 
of activation, procaspase 8 and 3 were cleaved, and thus, 
these caspases were activated. Activation of caspase 3 
subsequently leads to apoptotic cell death through cleav-
age of a broad spectrum of cellular target protein, includ-
ing PARP. The increased caspase 3 activity in the CD133hi 

cells was accompanied by cleavage of PARP, suggesting 
that TRAIL-induced apoptosis of CD133hi SNU-475 cells 
occurred via caspase-dependent pathway.

Reduced Susceptibility of CD133hi SNU-475 Cells 
to TRAIL by Depletion of CD133

Therefore, we next determined whether the c-Myc-
induced susceptibility of CD133hi SNU-475 cells to 
TRAIL was caused by the expression of CD133. We 

Figure 5. High susceptibility of CD133hi SNU-475 cells to TRAIL-induced apoptosis and caspase activation. (A) After treatment of 
CD133lo and CD133hi SNU-475 cells with the indicated concentrations of TRAIL for 6 h, percentage of apoptotic cells in both cells 
was determined with flow cytometry using annexin V and PI double staining. The bottom right quadrant of each dot plot represents 
early apoptotic cells (annexin V positive/PI negative). The upper right quadrant represents late apoptotic cells (annexin V positive/PI 
positive). (B) For both cells treated with TRAIL (5 or 25 ng/ml for 6 h), the activation of caspases and cleavage of PARP (cl. PARP) 
were determined by Western blot analysis.
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used siRNA to knock down CD133 expression and 
examined the changed level of c-Myc and TRAIL sus-
ceptibility in CD133-depleted cells. When the expression 
of c-Myc in CD133hi SNU-475 cells was significantly 
reduced after CD133 knockdown, an increase in c-FLIPL 
expression and a decrease in cell surface expression of 
DR5 occurred in the CD133-depleted cells (Fig. 6A). 
In addition, TRAIL-induced cytotoxicity of the CD133-
depleted cells was significantly reduced (Fig. 6B). 
To further confirm these results, we also checked the 
modulation of TRAIL-induced apoptosis in the CD133-
depleted cells. As expected, TRAIL-induced apoptosis 
was attenuated in CD133hi SNU-475 cells after CD133 
knockdown (Fig. 7A). We next determined whether the 
activation of caspases was changed by the depletion of 
CD133. TRAIL-induced activation of procaspase 8 and 
3 and cleavage of PARP was significantly attenuated 
in the CD133-depleted cells (Fig. 7B). Taken together, 
our results strongly suggest that the hypersensitivity to 
TRAIL of CD133hi SNU-475 cells might be associated 
with CD133-mediated upregulation of c-Myc.

Effect of c-Myc Depletion on TRAIL-Induced 
Apoptosis in CD133hi SNU-475 Cells

c-Myc is highly expressed in cancer stem cells rela-
tive to non-stem cancer cells (22) and mandates cell fate 
by inducing stemness and blocking cellular senescence 
and differentiation (30). To investigate the direct role of 
c-Myc in regulating the susceptibility of CD133hi SNU-
475 cells with a high level of c-Myc to TRAIL, we used 
siRNA to knock down c-Myc expression and determined 
whether depletion of c-Myc could affect the expression 
of death receptors and c-FLIP in the cells (Fig. 8A). After 
transfection of CD133hi SNU-475 cells with increasing 
doses of siRNA against c-Myc (siMyc) or scrambled 
control siRNA (siCON), the modulation of DR5/DR4 and 
c-FLIPL expressions in these transfectants was evaluated. 
Depletion of c-Myc in the CD133hi cells resulted in the 
downregulation of DR5 but not DR4 and the upregulation 
of c-FLIPL in a concentration-dependent manner. Since 
c-Myc transcriptionally regulates Bax, and Bax activa-
tion is c-Myc dependent, we also examined whether the 
expression of Bax in the CD133hi cells could be modu-
lated by depletion of c-Myc. As expected, depletion of 
c-Myc in the CD133hi cells led to downregulation of Bax. 
These results indicate that the upregulation of c-Myc in 
CD133-enriched cells of HCC might be potentially sus-
ceptible to TRAIL. Moreover, treatment of siCON-trans-
fected CD133hi SNU-475 cells with TRAIL resulted in 
accelerated cleavage of procaspase 3 and PARP, whereas 
siMyc-transfected cells treated with TRAIL showed 
attenuated activation of caspase 3 and PARP cleav-
age (Fig. 8B), suggesting that the expression of c-Myc 
might be an important role in the susceptibility of CSCs 

overexpressing CD133 to TRAIL. Therefore, we next 
determined the effect of c-Myc depletion on regulating 
the susceptibility of CD133hi SNU-475 cells to TRAIL. 
The cytotoxic and apoptotic effects of TRAIL on CD133hi 

SNU-475 cells were evaluated after transfecting the cells 
with either siMyc or siCON by MTT assay and flow cyto-
metric analysis using annexin V-PI staining, respectively 
(Fig. 9). When CD133hi SNU-475 cells were treated with 
the indicated doses of TRAIL after c-Myc knockdown, 
the susceptibility of siMyc-transfected cells to TRAIL 
was significantly attenuated compared to that of siCON-
transfected cells treated with TRAIL. As shown in Figure 
9A, TRAIL-induced cytotoxicity of CD133hi SNU-475 
cells was significantly reduced by transfection of siMyc 
when compared to that of siCON-transfected cells treated 
with TRAIL. To further validate apoptotic cooperation 
between TRAIL and c-Myc, CD133hi SNU-475 cells were 
treated with TRAIL after transfecting the cells with siMyc 
or siCON, and then the degree of apoptotic cell death was 
determined by flow cytometry. TRAIL-induced apoptosis 
was significantly attenuated in the siMyc-transfected cells 
when compared to siCON-transfected CD133hi SNU-475 
cells (Fig. 9B). These results suggest that depletion of 
c-Myc attenuates the cytotoxic and apoptotic activities of 
TRAIL in CD133hi SNU-475 cells.

DISCUSSION

HCC is one of the most common malignancies, with a 
poor prognosis and high recurrence rate. CD133+ cells in 
HCC display cancer stem-like properties and are thought 
to be responsible for chemoradioresistance (15). In the 
present study, we evaluated the differential expression 
pattern of CD133 in various HCC cell lines that were 
established from primary HCC tumors to aim targeting 
CD133 as a novel therapeutic molecule of TRAIL. We 
found that the SNU-475 cell line exhibited the highest 
level of CD133 and susceptibility to TRAIL among the 
four human HCC cell lines.

Direct CSC killing by targeting CSC-specific markers  
has been reported in experimental cancer stem cell mod-
els (31). CD133+ cells have stem cell properties and are 
responsible for multidrug resistance in cell lines used as 
an HCC model (32), and CD133-enriched liver CSCs 
appeared more frequently in advanced stages and is cor-
related with early recurrence and poor prognosis (33). 
Moreover, we showed that CD133hi SNU-475 cells 
enriched for the CD133+ subpopulation exhibited a higher 
expression of stemness-related genes such as c-Myc, 
CD44, Oct4, and b-catenin as well as ABC transporter 
genes such as ABCB1, ABCG2, and ABCC1 than their 
CD133lo counterparts. CD133hi SNU-475 cells were more 
resistant to MDR-related drugs such as DOX and VBL, 
but paradoxically were more sensitive to TRAIL when 
compared to their CD133lo counterparts, indicating that 
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Figure 6. Effects of CD133 depletion on the expression of c-Myc/FLIPL/DR5 and TRAIL-induced cytotoxicity. (A) CD133hi SNU-
475 cells were transfected with 50 nM CD133 siRNA (siCD133) or siCON for 24 h and then subjected to Western blot analysis to 
monitor the levels of CD133, c-Myc, and c-FLIPL (upper), and the cells transfected with siCON or siCD133 were stained with anti-
CD133 antibody (1:10) or anti-DR5 antibody (1:100) and subsequently labeled with FITC-conjugated secondary antibody (1:100) to 
determine the surface expression of DR5 (lower). The cell surface expression of DR5 was measured by a flow cytometer. (B) These 
transfectants were treated with TRAIL (0.1, 1, or 2.5 ng/ml for 96 h), and percentage of cell survival in these transfectants was deter-
mined by MTT assay. *p < 0.05.
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TRAIL could be a candidate agent for targeting CD133-
expressing liver CSCs of HCC.

c-Myc has been recently recognized as an important 
regulator of stem cell biology. The activity of c-Myc is 
required for cellular proliferation and growth and/or sur-
vival of the cancer stem cells (22) and may serve as a 
link connecting malignancy and stemness (30). c-Myc 

expression is required for self-renewal of CD133+ glioma 
cancer stem cells, and knockdown of c-Myc inhibits 
the tumorigenic potential of the cells (22). Deregulated 
c-Myc is found in diverse human tumors and is often 
associated with advanced malignancy and poor progno-
sis (34). c-Myc and b-catenin positively regulate ABCB1/
MDR1 gene promoter and increase P-gp expression 

Figure 7. Attenuation of TRAIL-induced apoptosis and caspase activity by CD133 depletion. (A) CD133hi SNU-475 cells transfected 
with 50 nM siCD133 or siCON for 24 h were treated with TRAIL (1 or 2.5 ng/ml for 6 h), and percentage of apoptotic cells in these 
transfectants was determined with flow cytometry using annexin V and PI double staining. (B) For these transfectants treated with 
TRAIL (2.5 or 5 ng/ml for 6 h), the activation of caspase (casp) and cleavage of PARP (cl. PARP) were determined by Western blot 
analysis. b-Tubulin (tubulin) was used as a loading control.
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(35,36), which might be associated with resistance to 
DOX and VBL in CD133hi SNU-475 cells. The role of 
c-Myc in regulating apoptosis remains controversial. 
Previous reports have demonstrated that c-Myc promotes 
apoptosis through the extrinsic apoptotic pathway, such 
as death receptor pathways, at multiple junctions and also 
participates in the intrinsic pathways and, conversely, 
downregulation of c-Myc leads to apoptosis under certain 
circumstances (36,37).

TRAIL has been demonstrated to induce apoptosis in 
a wide range of cancer types both in vitro and in vari-
ous mouse models of human cancers (38). Indeed, over-
expression of c-Myc dramatically sensitizes cells to the 
apoptotic action of the death ligands such as CD95 ligand 
and TRAIL (36). The role of TRAIL signaling pathway in 
the regulation of CSCs is emerging. The chemotherapy-
resistant side population (SP) of SW480 human colon 

tumor cells has a higher sensitivity to TRAIL than the 
non-SP, and TRAIL-sensitive SP cells have significantly 
increased levels of c-Myc (9). Expression of DR5 has 
been detected with a high frequency in tumor cell lines 
and clinical tumor specimens (39). Indeed, MDR cells 
overexpressing both P-gp and c-Myc were hypersensitive 
to TRAIL due to upregulation of DR5 and downregula-
tion of c-FLIP (25). Moreover, DR5 is enriched in pan-
creatic CSCs (40) and colon CSCs (41) compared with 
the non-stem cell bulk tumor populations and contributed 
to TRAIL-induced apoptosis rather than DR4 in cancer 
cells that expressed both death receptors (42).

It has been reported that c-Myc expression could be 
associated with upregulation of DR5 and, conversely, 
downregulation of c-FLIP (23,24), and c-Myc knockdown 
reduces the responsiveness to TRAIL and the expression 
of DR5 (43). In this study, CD133hi SNU-475 cells with 
a high level of c-Myc showed a marked increase in DR5 
mRNA and protein levels and decrease in c-FLIPL mRNA 
and protein levels when compared to their CD133lo coun-
terparts with a low level of c-Myc. Therefore, high sus-
ceptibility of CD133hi SNU-475 cells to TRAIL might 
be associated with enhanced level of c-Myc in the cells. 
It has been reported that the level of c-FLIP in CD133+ 
fraction within glioblastoma was higher than that in the 
CD133− population (44). In contrast, our data showed 
that the expression of c-FLIPL in CD133hi HCC cells 
was rather decreased compared to that in their CD133lo 
counterparts. Moreover, the expression of c-Myc was 
downregulated in CD133hi SNU-475 cells by depletion of 
CD133 using CD133-inhibiting siRNA, which resulted  
in the downregulation of DR5, upregulation of c-FLIPL, 
and subsequent attenuation of caspase 8 and 3 activities,  
and TRAIL-induced cytotoxicity and apoptosis were atten-
uated in CD133hi SNU-475 cells after CD133 knockdown. 
Therefore, differential expression of c-FLIP in CD133+ 
cancer stem cells might be responsible for cell type-
specific regulation of CD133 expression. Knockdown of 
c-Myc in CD133hi SNU-475 cells resulted in the down-
regulation of DR5 and upregulation of c-FLIPL, which is 
associated with attenuation of TRAIL susceptibility, indi-
cating susceptibility of CD133hi SNU-475 cells to TRAIL 
might be associated with CD133-mediated upregulation 
of c-Myc.

In conclusion, our data demonstrated that CD133hi CSCs 
of HCC were resistant to MDR-related drugs but rather 
were hypersensitive to TRAIL, suggesting that despite 
the refractory nature of CSCs to conventional therapies, 
TRAIL may be useful to eradicate CD133-expressing 
CSCs of HCC. Our study suggests that the stem-targeted 
therapy via CD133 silencing using TRAIL could provide a 
novel strategy for the treatment of HCC and for the thera-
pies of other CD133-expressing types of cancer.

Figure 8. Effects of c-Myc depletion on the expression of 
TRAIL-signaling molecules and TRAIL-induced caspase activ-
ity in CD133hi SNU-475 cells. (A) Cells were transfected with 
20 or 50 nM c-Myc siRNA (siMyc) or 20 nM nontargeted con-
trol siRNA (siCON) for 24 h and then subjected to Western blot 
analysis to monitor the levels of c-Myc, DR4/DR5, c-FLIPL, and 
Bax. (B) Cells were transfected with 50 nM siMyc or siCON for 
24 h, and these transfectants were treated with TRAIL (2.5 or 
5 ng/ ml for 6 h) and the activation of caspase (casp) and cleav-
age of PARP were determined by Western blot analysis.
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Figure 9. Attenuation of TRAIL-induced cytotoxicity and apoptosis of CD133hi SNU-475 cells by Myc depletion. (A) Cells were 
transfected with 50 nM siCON or siMyc. After 24 h, these transfectants were subjected to Western blot analysis to monitor the c-Myc 
level and treated with various concentrations of TRAIL for 96 h. Cell survival was determined using MTT assay. *p < 0.05 and 
**p < 0.01. (B) Percentage of apoptotic cells in these transfectants treated with the indicated concentrations of TRAIL for 6 h was 
determined with flow cytometry using annexin V and PI double staining.
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