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ABSTRACT
Purpose: Our purpose was to explore the contribution
of tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL)/TRAIL receptor pathway to antitumor effects of
IFN␣ and 5-fluorouracil (5-FU) combination therapy for
hepatocellular carcinoma (HCC).
Experimental Design: Susceptibility of HCC cell lines to
TRAIL and/or 5-FU was examined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The effects
of 5-FU, IFN␣, or both on the expression of TRAIL receptors (R1, R2, R3, and R4) on HCC cells or TRAIL in
peripheral blood mononuclear cells (PBMC) were examined
by flow cytometry. IFN␣-induced cytotoxic effects of PBMC
on HCC cell lines were examined by 51Cr release assay.
TRAIL expression in peripheral blood mononuclear cells
and liver tissue from patients was examined by real-time
reverse transcription-PCR or immunohistochemistry.
Results: HLE and HepG2 were sensitive to TRAIL, but
HuH7, PLC/PRF/5, and HLF were resistant. 5-FU had synergistic effect on TRAIL in HLF and additive effect in four
other HCC cell lines. TRAIL receptors on HCC cells were
up-regulated by 5-FU, and IFN␣ induced TRAIL on CD4ⴙ
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T cells, CD14ⴙ monocytes, and CD56ⴙ NK cells. Treatment
of effector cells by IFN␣ and target HCC cells by 5-FU
enhanced the cytotoxicity of CD14ⴙ monocytes and CD56ⴙ
NK cells against HCC cells via a TRAIL-mediated pathway.
TRAIL mRNA overexpression was noted in PBMC of HCC
patients who clinically responded to IFN␣/5-FU combination therapy, and TRAILⴙ mononuclear cells were found in
cancer tissue of a responder.
Conclusion: Our results suggest that modulation of
TRAIL/TRAIL receptor-mediated cytotoxic pathway might
partially contribute to the anti-HCC effect of IFN␣ and
5-FU combination therapy.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common solid tumors worldwide (1). The prognosis of HCC is still
poor despite newly developed therapeutic modalities such as
radiofrequency ablation and microwave coagulation therapy (2,
3). HCCs with macroscopic tumor thrombi in the major
branches of the portal vein (Vp3– 4) are extremely aggressive
(4). Most HCC patients with Vp3– 4 tumors develop recurrences, and half of them die within 1 year after surgery even if
curative resection is done (5). The prognosis of unresectable
cases with Vp3– 4 is much worse, and most patients die within
several months (6). Therefore, the development of new antitumor therapy for HCC patients is urgent and mandatory.
In general, HCCs are resistant to anticancer drugs (7).
However, recent studies including those from our group showed
an excellent clinical response to the combination therapy of
IFN␣ and 5-fluorouracil (5-FU) in HCC patients complicated
with Vp3– 4 (8). Although the exact mechanism of action of this
combination therapy has not yet been established, it has been
reported that IFN␣ enhances the expression of thymidine phosphorylase in colon carcinoma cells, which converts 5-FU to an
active metabolite and enhances the DNA damage by 5-FU (9,
10). We also showed previously that IFN␣ and 5-FU synergistically reduced tumor cell proliferation through cell cycle arrest
(11). Although IFN␣ also exerts immunomodulatory effects by
stimulating T cells, NK cells, and monocytes (12, 13), the
involvement of its immunomodulatory properties in the IFN␣/
5-FU combination therapy remains to be determined.
Recently, IFN␣ was reported to up-regulate tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) in T cells, NK
cells, and monocytes (14 –16). TRAIL is a newly identified
member of the tumor necrosis factor superfamily, which induces
apoptosis of transformed cells but not normal cells (17, 18).
TRAIL binds to four distinct membrane-bound TRAIL receptors (TRAIL-R1, R2, R3, and R4) and a soluble receptor,
osteoprotegerin. TRAIL-R1 and R2 act as death-inducing recep-
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MATERIALS AND METHODS
Cells. Human HCC cell lines (HuH7, PLC/PRF/5, HLE,
HLF, and HepG2) were obtained from Japan Cancer Research
Resources Bank (Osaka, Japan) and maintained in DMEM supplemented with 10% fetal bovine serum and 1% penicillin at
37°C in a humidified incubator under 5% CO2 in air. PBMC
were obtained from healthy subjects and prepared by FicollHypaque centrifugation. CD4⫹ T cells, CD8⫹ T cells, CD14⫹
monocytes, CD56⫹ NK cells, CD19⫹ B cells, CD4⫺CD8⫺
cells, CD4⫺CD8⫺CD14⫺ cells, CD4⫺CD8⫺CD56⫺ cells, and
CD4⫺CD8⫺CD14⫺CD56⫺ cells were isolated from PBMC by
using anti-CD4, anti-CD8, anti-CD14, anti-CD56, and antiCD19 immunomagnetic beads and Magnetic Cell Sorting (Miltenvi Biotec, Bergisch Gladbach, Germany). The purity of each
subset was ⬎90% as determined by flow cytometry. These cells
were cultured in RPMI 1640 supplemented with 10% fetal
bovine serum and 1% penicillin.
Reagents. Purified human IFN␣ was obtained from Otsuka Pharmaceutical Co. (Tokushima, Japan), and 5-FU was a
kind gift from Kyowa Hakko Co. (Tokyo, Japan). Antihuman
TRAIL monoclonal antibody (mAb; RIK-2) was prepared as
described previously (26). mAbs against TRAIL receptors were
obtained from eBioscience (San Diego, CA).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide Assay. The sensitivity of each HCC cell line to recombinant TRAIL and the effect of 5-FU on TRAIL-induced death
were examined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. HCC cells (3 ⫻ 103 in 100 L
medium) were seeded in 96-well microplates. After 24 hours,
100-L medium containing soluble human TRAIL (Alexis
Corp., Lausen, Switzerland) and/or 5-FU (Kyowa Corp., Tokyo)
were added, and the plates were incubated for 48 hours. Cell
viability was assessed by using 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide solution (Sigma Chemical, St.
Louis, MO) according to the instructions provided by the manufacturer, and each well was measured spectrophotometrically
on a dual beam microtiter plate reader at 550 nm with a 650-nm
reference.
Flow Cytometry. Cells (1 ⫻ 106) were incubated with 1
g of biotinylated mAb against TRAIL and TRAIL receptors or
control IgG for 30 minutes at 4°C, followed by phycoerythrinlabeled avidin (BD PharMingen, San Diego, CA). After washing

with PBS, the cells were analyzed on a fluorescence-activated
cell sorter (FACScan, BD PharMingen), and data were processed with Cell Quest software (BD PharMingen). For detection of TRAIL on CD4⫹ T cells, CD8⫹ T cells, CD14⫹ monocytes, and CD56⫹ NK cells, PBMCs were double-stained with
biotinylated antihuman TRAIL mAb followed by phycoerythrin-labeled avidin and FITC-labeled antihuman CD4, CD8,
CD14, or CD56 mAb (BD PharMingen). The mean fluorescence
intensity was measured in the experiment of alteration of
TRAIL receptors.
51
Cr Release Assay. Target HCC cells (1 ⫻ 106) were
labeled with 40 Ci Na51CrO4 for 45 minutes at 37°C.
51
Cr-labeled target cells (1 ⫻ 104) and effector cells (CD4⫹ T
cells, CD8⫹ T cells, CD4⫺CD8⫺ cells, CD4⫺CD8⫺CD14⫺
cells, CD4⫺CD8⫺CD56⫺ cells, or CD4⫺CD8⫺CD14⫺CD56⫺
cells) were mixed in U-bottomed wells of a 96-well microplate
at the indicated E:T ratios. After 8 hours of incubation, cell-free
supernatants were collected and counted on a gamma counter.
The following formula was used to calculated the percentage of
specific cytotoxicity: [(experimental release ⫺ spontaneous release)/(total release ⫺ spontaneous release)] ⫻ 100. Total or
spontaneous release was determined in the presence of 1%
NP40 or medium alone, respectively. In some experiments,
anti-TRAIL mAb was added at a final concentration of 10
g/mL.
Quantitative RT-PCR for TRAIL mRNA. Between
April 1998 and December 2001, 23 patients with unresectable
HCC associated with multiple intrahepatic tumors and Vp3– 4
received IFN␣/5-FU combination therapy at the Department of
Surgery, Osaka University Hospital. The treatment regimen
consisted of subcutaneous injection of IFN␣ (5 ⫻ 106 units) on
days 1, 3, and 5 of every week for 4 weeks and continuous
infusion of 5-FU (450 –500 mg/day) for 2 weeks through a
catheter introduced into the proper hepatic artery (8). Peripheral
blood samples were obtained from 12 patients who received this
combination therapy. The study protocol was approved by the
Human Ethics Review Committee of Osaka University School
of Medicine, and a signed consent form was obtained from each
patient before participation in the study. PBMC were prepared
by Ficoll-Hypaque centrifugation. We extracted total cellular
RNA from PBMC using TRIzol reagent (Molecular Research
Center, Cincinnati, OH), using the instructions provided by the
manufacturer. Isolated RNA was quantitated and assessed for
purity by UV spectrophotometry. cDNA was synthesized with
avian myeloblastosis virus reverse transcriptase according to the
protocol provided by the supplier (Promega, Madison, WI). One
g of RNA was incubated at 70°C for 5 minutes and then placed
on ice before the addition of reverse transcription (RT) reaction
reagents with oligodeoxythymidylic acid primer. The RT reaction was done at 42°C for 90 minutes, followed by heating at
95°C for 5 minutes. The LightCycler PCR and detection system
(Roche Diagnostics, Mannheim, Germany) was used for amplification and quantification. For detection of glyceraldehyde-3phosphate dehydrogenase (GAPDH) and TRAIL PCR products,
LightCycler DNA Master SYBR Green I (Boehringer Mannheim) was used. We did real-time PCR reactions in a sample
mixture containing 0.2 mol/L of each primer, 1⫻ LC-DNA
Master SYBR Green I, 4 mmol/L MgCl2, and 2 L of cDNA
as a template using the following primers: human GAPDH
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tors, whereas TRAIL-R3, -R4, and osteoprotegerin may act as
decoy receptors (19 –24). An important role for TRAIL in tumor
immunotherapy has been suggested in murine models (25).
Therefore, the TRAIL/TRAIL receptor system may be involved
in the antitumor effect of the IFN␣ and 5-FU combination
therapy.
In the present study, we investigated the effects of IFN␣
combined with 5-FU on the expression and function of TRAIL
and TRAIL receptors in human peripheral blood mononuclear
cells (PBMC) and HCC cell lines. We also investigated clinical
relevance of the in vitro findings by using clinical samples from
HCC patients who received the combination therapy. The results
suggest the partial contribution of TRAIL/TRAIL receptormediated cytotoxic pathway to the tumoricidal effects of IFN␣
and 5-FU combination therapy on HCC.
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incubation. Placental tissue was used as a positive control (27).
The number of TRAIL-positive cells was counted in more than
six 360 magnification fields of confocal laser scanning microscope.
Statistical Analysis. Data are represented as mean ⫾ SD
or SEM. Differences between groups were examined for significant differences by unpaired t test. In Fig. 1A, differences in the
mean percentages of cell viability in the presence of TRAIL
alone or TRAIL plus 5-FU were compared by the Dunnett post
hoc procedure. The level of statistical significance was set at
P ⬍ 0.05.
Evaluation of TRAIL/5-FU Cooperative Effects. Calculation of the synergistic cytotoxicity of soluble human TRAIL
and 5-FU was determined by isobolographic analysis of Berenbaum (28).

RESULTS
Sensitivity of HCC Cell Lines to TRAIL. We did
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay using soluble human TRAIL to examine the sensitivity of
HCC cell lines to TRAIL-mediated cytotoxicity. HuH7, PLC/
PRF/5, HLE, HLF, and HepG2 cells were incubated with or
without various concentrations of soluble TRAIL and/or 5-FU
for 48 hours. Sensitivity to TRAIL or 5-FU was different among
five HCC cell lines (Fig. 1A). HLE and HepG2 cells were
sensitive to soluble human TRAIL, but HuH7, PLC/PRF/5, and
HLF cells were rather resistant. On the other hand, 5-FU alone
exhibited dose-dependent cytotoxicity against HuH7, PLC/
PRF/5, HLF, and HepG2 cells, whereas HLE cells were relatively resistant. The percentage of cell viabilities was significantly decreased by the combined treatment of cells with
TRAIL and 5-FU at various doses of these agents as compared
with TRAIL alone. Isobologram analysis showed that the combination of TRAIL and 5-FU exhibited a synergistic effect in
HLF cells and an additive effect in HuH7, PLC/PRF/5, HLE,
and HepG2 cells (Fig. 1B).
Expression of TRAIL Receptors on HCC Cell Lines.
Using flow cytometry, we investigated whether the difference in
HCC cell sensitivity to TRAIL correlated with the expression
levels of TRAIL-R1, R2, R3, and R4 on the surface of HCC cell
lines (Fig. 2A). Low expression levels of TRAIL-R1 were noted
on the surface of PLC/PRF/5, HLE, and HLF cells. In addition,
TRAIL-R2 was expressed on all HCC cell lines, the expression
level was higher on TRAIL-sensitive HCC cells (HLE and
HepG2 cells) than on TRAIL-resistant HCC cells (HuH7, PLC/
PRF/5, and HLF cells). TRAIL-R3 and R4 were not detectable
on the surface of any HCC cell line, regardless of their TRAIL
sensitivity status. These results indicate that the basal expression
of TRAIL-R2 correlates with the sensitivity to TRAIL.
Effect of 5-FU and/or IFN␣ on TRAIL Receptor Expression on HCC Cell Lines. To examine the effect of 5-FU
and/or IFN␣ on TRAIL receptor expression on HCC cell lines,
the cells were preincubated with or without 5-FU (0.5 g/mL)
and/or IFN␣ (500 units/mL) for 48 hours followed by determination of expression of TRAIL receptors by flow cytometry. As
shown in Fig. 2B, preincubation with 5-FU for 48 hours increased the expression of TRAIL-R1, R2, R3, and R4 on HepG2
cells. In contrast, IFN␣ did not alter the expression of any

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/10/23/7884/1954618/zdf02304007884.pdf by guest on 26 September 2022

(forward, 5⬘-CAACTACATGGTTTACATGTTC-3⬘; reverse,
5⬘-GCCAGTGGACTCCACGAC-3⬘); and human TRAIL (forward, 5⬘-CAACTCCGTCAGCTCGTTAGAAAG-3⬘; reverse:
5⬘-TTAGACCAACAACTATTTCTAGCACT-3⬘), yielding products of 182 and 443 bp, respectively. GAPDH PCR cycle condition
was set up as follows: one cycle of 95°C for 10 minutes followed
by 40 cycles of 95°C for 15 seconds, 55°C for 10 seconds, and
72°C for 20 seconds. TRAIL PCR cycle condition was set up as
follows: one cycle of 95°C for 10 minutes followed by 35 cycles of
95°C for 15 seconds, 55°C for 10 seconds, and 72°C for 25
seconds. Fluorescence was acquired at the end of every 72°C
extension phase. We did quantitative analysis of data using the
LightCycler analysis software (Roche Diagnostics). The standard
curves for GAPDH and TRAIL were constructed by using 10-fold
serial dilutions of cDNA prepared from IFN␣-stimulated PBMC
from a healthy subject. Expression of TRAIL mRNA was reported
relative to GAPDH. In the experiment investigating TRAIL mRNA
expression in CD14⫹ monocytes, CD56⫹ NK cells, and CD19⫹ B
cells, we did quantitative RT-PCR for TRAIL using the same
method.
Immunohistologic Staining for TRAIL-R1 and R2.
Paraffin-embedded sections (5-m thick) of liver cancer tissues
from three patients with HCC who responded to IFN␣/5-FU
combination therapy (responders) and one patient who did not
respond to the same therapy (nonresponder) were deparaffinized
in xylene and rehydrated before analysis. Endogenous peroxidase was quenched with 0.5% hydrogen peroxide. After washing with PBS, slides were blocked with 1% normal goat serum
or normal rabbit serum and then incubated overnight at 4°C at
1:40 dilution in PBS of rabbit anti-DR4 (TRAIL-R1) polyclonal
antibody (Santa Cruz Biotechnology, Santa Cruz, CA), goat
anti-DR5 (TRAIL-R2) polyclonal antibody (Santa Cruz Biotechnology), or normal rabbit IgG (as a control). En-Vision
ABC detection kit (Dako, Tokyo, Japan) containing horseradish
peroxidase was used to detect antibody binding. Diaminobenzidine was used as the substrate. Slides were counterstained with
hematoxylin.
Immunohistologic Staining for TRAIL. Paraffinembedded sections (5-m thick) of liver cancer tissues from
three responders and one nonresponder and normal liver tissues
from a patient with focal nodular hyperplasia were deparaffinized in xylene and rehydrated before analysis. After washing
with PBS, slides were blocked with 2-nitro-5-thiobenzoate
blocking buffer (NEN Life Science Products, Boston, MA) and
then incubated overnight at 4°C with goat antihuman TRAIL
antibody K-18 (Santa Cruz Biotechnology) diluted in 2-nitro-5thiobenzoate blocking buffer at a concentration of 5 g/mL.
After washing with PBS, slides were incubated with biotinylated
donkey antigoat IgG antibody (Chemicon, Temecula, CA) for
30 minutes. Alexa 568-labeled streptavidin (Molecular Probes,
Inc., Eugene, OR) was used to detect antibody binding. Slides
were then covered with VECTASHIELD (Vector Laboratories,
Burlingame, CA) and examined under a confocal laser scanning
microscope (model LSM 510, Carl Zeiss, Oberkochen, Germany). A single beam from a helium/neon laser (543 nm) was
used for excitation. Emission (603 nm) was detected through a
long pass filter (⬎560 nm) and displayed in red. For control
staining, the immunizing peptide K-18p (Santa Cruz Biotechnology) was included at 4 g/mL in the primary antibody
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Fig. 1 Effects of 5-FU on
TRAIL-induced cytotoxicity in
HCC cell lines. A, HuH7, PLC/
PRF/5, HLE, HLF, and HepG2
cells were treated simultaneously with the indicated concentrations of soluble human
TRAIL and 5-FU for 48 hours.
3-(4,5-Dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide assay was done to evaluate cell viability. Data are
represented as mean ⫾ SD of
triplicate samples. Similar results were obtained in three independent experiments. Differences in the percentage of cell
viability between TRAIL alone
and TRAIL plus 5-FU were determined by the Dunnett post
hoc procedure. ⴱ, P ⬍ 0.05. B,
synergy was estimated by
isobolographic analysis.

TRAIL receptor. The effect of combination of 5-FU and IFN␣
was nearly equal to that of 5-FU alone. As summarized in Fig.
2C, the effects of 5-FU and/or IFN␣ on the expression of
TRAIL receptors on other HCC cell lines were similar to the
HepG2 case, except for HLE cells, which showed no changes in
response to either 5-FU or IFN␣. These results indicate that
5-FU, but not IFN␣, can significantly increase the expression of
TRAIL-R1 and R2 on some HCC cell lines.
Effect of 5-FU and/or IFN␣ on TRAIL Expression on
PBMC. We next examined the effects of 5-FU and/or IFN␣
on TRAIL expression on PBMC subpopulations (Fig. 3A).
TRAIL expression was not detected on freshly prepared PBMC

by flow cytometry. Incubation with IFN␣ (500 units/mL) for 24
hours markedly induced TRAIL expression on CD14⫹ monocytes and CD56⫹ NK cells. CD4⫹ T cells, but not CD8⫹ T
cells, also expressed TRAIL at a low level after IFN␣ stimulation. On the other hand, 5-FU (0.5 g/mL) did not induce
TRAIL expression alone or altered the effect of IFN␣ on TRAIL
expression. IFN␣ treatment resulted in overexpression of
TRAIL mRNA in CD14⫹ monocytes and CD56⫹ NK cells. In
contrast, no such increase was noted in CD19⫹ B cells (Fig. 3B).
Involvement of TRAIL in IFN␣-Stimulated PBMC Cytotoxicity against 5-FU-Treated HCC Cells. We did the
51
Cr release assay to investigate the involvement of TRAIL in
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Fig. 2 A, Expression of TRAIL receptors on the surface of HCC cell lines.
Dotted lines, staining with biotinylated
control IgG; solid lines, staining with biotinylated mAb against the indicated
TRAIL receptors. B and C, effects of
5-FU and/or IFN␣ on TRAIL receptor
expression on HCC cell lines. HepG2
cells (B) and the indicated HCC cells (C)
were treated with 5-FU (0.5 g/mL)
and/or IFN␣ (500 units/mL) for 48 hours.
B, dotted lines, staining with biotinylated
control IgG; solid lines, staining with biotinylated mAb against the indicated
TRAIL receptors. Similar results were
obtained in three independent experiments. C, open bars, the mean fluorescence intensity of staining with biotinylated control IgG; other bars, the mean
fluorescence intensity of staining with biotinylated mAbs against the indicated
TRAIL receptors. Data are mean ⫾ SD of
three independent experiments. ⴱ, P ⬍
0.05 compared with untreated cells.
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IFN␣-stimulated PBMC cytotoxicity against untreated or 5-FU–
treated HCC cell lines for which 5-FU and soluble TRAIL
exhibited synergistic (HLF) or additive (HepG2) effect. We
first used CD4⫹ T cells, CD8⫹ T cells, and CD4⫺CD8⫺
cells isolated from PBMC as the effector cells after incubation
with or without IFN␣ for 24 hours. As shown in Fig. 4A,
CD4⫺CD8⫺ cells, but not CD4⫹ or CD8⫹ T cells, were the
main effector cells that exhibited substantial cytotoxicity against
HLF and HepG2. When CD4⫺CD8⫺ cells were stimulated by
IFN␣, the cytotoxicity was significantly increased from 3.6 to
18% against HLF and from 43 to 63% against HepG2 at an E:T
ratio of 20. Moreover, when the target cells were pretreated with
5-FU, IFN␣ enhanced the cytotoxicity of CD4⫺CD8⫺ cells
from 19 to 54% against HLF and from 48 to 66% against
HepG2. These results indicate a synergistic effect against HLF
and an additive effect against HepG2 of the combination of
IFN␣ and 5-FU on CD4⫺CD8⫺ cell-mediated cytotoxicity.

To investigate which subset of CD4⫺CD8⫺ cells was responsible for the IFN␣-induced cytotoxicity, we prepared effector cells that were depleted of CD14⫹ monocytes and/or CD56⫹
NK cells from CD4⫺CD8⫺ cells. As shown in Fig. 4B,
CD4⫺CD8⫺CD14⫺ cells (mainly composed of NK cells and B
cells) and CD4⫺CD8⫺CD56⫺ cells (mainly composed of
monocytes and B cells) exhibited higher cytotoxicity against
HLF cells than CD4⫺CD8⫺CD14⫺CD56⫺ cells (mainly composed of B cells). IFN␣ significantly enhanced the cytotoxicity
of CD4⫺CD8⫺CD14⫺ cells, and pretreatment of the target cells
with 5-FU significantly enhanced the cytotoxicity by both
CD4⫺CD8⫺CD14⫺ cells and CD4⫺CD8⫺CD56⫺ cells. These
results suggested that both CD56⫹ NK cells and CD14⫹ monocytes were the major effector cells that largely contributed to
the IFN␣-induced cytotoxicity of PBMC against 5-FU–treated
HCC cells.
Finally, we examined the contribution of TRAIL by using
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Fig. 3 A, regulation of TRAIL
expression on CD4⫹ T cells,
CD8⫹ T cells, CD14⫹ monocytes, and CD56⫹ NK cells in
PBMC by 5-FU and/or IFN␣.
PBMC from healthy subjects
were cultured in the presence or
absence of 5-FU (0.5 g/mL)
and/or IFN␣ (500 units/mL) for
24 hours and then stained with
biotinylated anti-TRAIL mAb
followed by phycoerythrinlabeled avidin and FITC-labeled antihuman CD4, CD8,
CD14, or CD56 mAb. Dotted
lines, staining with biotinylated
control IgG; solid lines, staining with biotinylated antiTRAIL mAb. Similar results
were obtained in three independent experiments. B,
TRAIL mRNA expression in
CD14⫹ monocytes, CD56⫹ NK
cells, and CD19⫹ B cells. Cells
were isolated from PBMC by
using anti-CD14, anti-CD56,
and anti-CD19 immunomagnetic beads and Magnetic Cell
Sorting and cultured in the
presence (closed bars) or absence (open bars) of IFN␣ (500
units/mL) for 24 hours. LightCycler PCR and detection system were used to do quantitative RT-PCR for TRAIL, and
expression of TRAIL mRNA is
indicated relative to GAPDH.
Data are mean ⫾ SD of three
independent experiments.
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Fig. 4 A, cytotoxic activities of CD4⫹ T cells,
CD8⫹ T cells, and CD4⫺CD8⫺ cells against HLF
(a) and HepG2 (b) cells. B, cytotoxic activities of
CD4⫺CD8⫺CD14⫺ cells, CD4⫺CD8⫺CD56⫺
cells, and CD4⫺CD8⫺CD14⫺CD56⫺ cells
against HLF cells. C, involvement of TRAIL
in IFN␣-stimulated CD4⫺CD8⫺CD14⫺ and
CD4⫺CD8⫺CD56⫺ cell cytotoxicity against
HLF cells. Effector cells isolated from PBMC
were prestimulated with or without IFN␣ (500
units/mL) for 24 hours. Target HLF cells and
HepG2 cells were pretreated with (closed bars)
or without (open bars) 5-FU (0.5 g/mL) for
48 hours. Cytotoxic activity was examined, in
the presence or absence of 10 g/mL antiTRAIL mAb (C), by 8-hour 51Cr release assay
at an E:T ratio of 20 (A, C) or 40 (B).
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Table 1

Moreover, two patients had tumors that invaded the bile duct.
Extrahepatic metastases were not found, and the stage of the
disease was IVA (T4N0M0) in all 12 patients. Five of the six
responders had received ⬎4 treatment cycles, which was associated with prolongation of prognosis (from 6 to 23 months),
whereas all six nonresponders could not be treated for ⬎2 cycles
and died within 6 months. There were no apparent technical side
effects resulting from catheter insertion and subcutaneous implantation of the reservoir. Grade 3 leukopenia was observed in
three patients (cases 3, 4, and 11) and was well managed by the
administration of granulocyte colony-stimulating factor. Grade
3 thrombocytopenia was observed in one patient (case 10) and
temporarily necessitated discontinuation of therapy. Three patients reported diarrhea, and it was managed by binding medicine, but was not the reason for interruption of therapy. Case 11
developed gastric ulcer during therapy in addition to diarrhea
and leukopenia, and the patient decided to stop the therapy. In
contrast, 6 of the 12 patients showed no remarkable adverse
effects. Fever was commonly observed but easily controlled by
nonsteroidal anti-inflammatory drugs.
The expression of TRAIL mRNA in peripheral blood of these
patients was measured by real-time RT-PCR. Although the expression levels of TRAIL mRNA in PBMC varied from one individual
to another, the average TRAIL mRNA level increased by 1.5- to
2.5-fold after initiation of therapy in the patients who clinically
showed a complete response or partial response(Fig. 5A). In contrast, no such increase was observed in the patients who clinically
showed PD. We also measured the fold index of TRAIL/␤-actin,
and the result was consistent (data not shown). These results
suggest that induction of TRAIL in PBMC correlates with the
clinical response to IFN␣/5-FU combination therapy.
Expression of TRAIL Receptor and TRAIL in HCC
Tissues. To confirm the involvement of TRAIL/TRAIL receptor system in the liver of IFN␣/5-FU–treated patients, we
further investigated the expression of TRAIL-R1, R2, and
TRAIL in HCC tissues of the three patients who exhibited

Characteristics of the patients with unresectable hepatocellular carcinoma associated with multiple intrahepatic tumors and Vp3– 4, who
were treated with IFN␣/5-FU combination therapy

Child-Pugh
Case Age Gender Hepatitis classification

Tumor pathology

Stage of disease

Treatment
cycles Response

Side effects *

6
2
5

PR
PR
PR

Diarrhea

IVA
IVA
IVA
IVA
IVA
IVA
IVA

6
4
4
2
2
3
2

PR
PR
CR
PD
PD
PD
PD

B

Vp3, multiple, B (⫹) T4N0M0 Stage IVA

1

PD

A

Vp3, multiple

1

PD

Leukopenia
Thrombocytopenia
Diarrhea,
gastric ulcer
leukopenia
Diarrhea

1
2
3

55
70
65

M
M
F

HBV
HCV
HCV

B
B
B

Vp4, multiple
Vp3, multiple
Vp3, multiple

4
5
6
7
8
9
10

54
65
32
51
57
43
49

M
F
M
M
M
M
F

HBV
HCV
HBV
HBV
HCV
HBV
HBV

B
C
C
B
B
B
B

Vp3,
Vp3,
Vp3,
Vp4,
Vp3,
Vp4,
Vp3,

11

80

F

HCV

12

70

M

HCV

T4N0M0 Stage IVA
T4N0M0 Stage IVA
T4N0M0 Stage IVA

multiple
T4N0M0 Stage
multiple
T4N0M0 Stage
multiple, B (⫹) T4N0M0 Stage
multiple
T4N0M0 Stage
multiple
T4N0M0 Stage
multiple
T4N0M0 Stage
multiple
T4N0M0 Stage

T4N0M0 Stage IVA

Leukopenia

Outcome (mos)
23, dead
17, dead
13, dead,
lung metastasis
13, dead
9, dead
6, dead
5, dead
4, dead
4, dead
4, dead
3, dead
2, dead

Abbreviations: Vp4, tumor thrombosis in the trunk of the portal vein; Vp3, tumor thrombosis in the major branches of the portal vein; B (⫹),
bile duct invasion; CR, complete response; PR, partial response; PD, progressive disease.
* Thrombocytopenia and leukopenia represent platelet and leukocytecounts ⬍0.4 ⫻ 105/L and 2,000/L, respectively.
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neutralizing anti-TRAIL mAb (RIK-2). As shown in Fig. 4C,
IFN␣-induced cytotoxicity of CD4⫺CD8⫺CD14⫺ cells was almost completely abrogated by anti-TRAIL mAb, irrespective of
pretreatment of HLF target cells with 5-FU. In addition, the
enhanced cytotoxicity of CD4⫺CD8⫺CD56⫺ cells against
5-FU-treated HLF cells was also significantly inhibited by antiTRAIL mAb. These results suggest that IFN␣-induced cytotoxicity of CD56⫹ NK cells is predominantly mediated by TRAIL
and that 5-FU– enhanced cytotoxicity of CD14⫹ monocytes is at
least partly mediated by TRAIL.
Increased Expression of TRAIL mRNA in PBMC of
HCC Patients Who Responded to IFN␣/5-FU Therapy.
The above in vitro results suggest the possible contribution of
TRAIL to IFN␣/5-FU combination therapy. In the next step, we
addressed the clinical relevance of the in vitro studies by using
clinical samples. PBMC from 12 patients with unresectable
HCC associated with multiple intrahepatic tumors and Vp3– 4,
who were treated with IFN␣/5-FU combination therapy, were
collected 48 hours after the last subcutaneous injection of IFN␣.
The characteristics of these 12 patients are shown in Table 1.
Before starting the therapy, blood samples were also collected as
control from all patients. Six patients (responders) showed clinical benefits (complete response [CR] in one of six and partial
response [PR] in five of six) whereas the other six (nonresponders) did not (progressive disease [PD] in six of six) according to the Eastern Cooperative Oncology Group criteria.
The age of the patients was from 32 to 80. The mean age of the
responders was higher (56.8) than that of nonresponders (46.6).
All 12 patients had chronic hepatitis that progressed to liver
cirrhosis except cases 12. Five patients had hepatitis B virus
infection, and seven patients had hepatitis C. Nine of the 12
patients were classified as Child-Pugh class B, whereas two
patients were class C, and one patient was class A. In all
patients, HCCs were diagnosed as unresectable because of multiple intrahepatic metastasis and the presence of tumor thrombi
in the major branch (Vp3) or trunk (Vp4) of the portal vein.
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partial response to IFN␣/5-FU combination therapy (responders) and one patient who exhibited PD (nonresponder). Both
TRAIL-R1 and R2 were expressed in HCC cells of all IFN␣/
5-FU–treated patients regardless of their clinical benefits. Ex-

pression of TRAIL-R1 and R2 was located mainly in the cytoplasm and plasma membrane. Representative specimens are
shown in Fig. 5B-a and 5B-b. Immunohistologic studies also
showed TRAIL expression in tumor-infiltrating mononuclear
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Fig. 5 A, TRAIL mRNA expression in PBMC from patients with HCC who received the
IFN␣/5-FU combination therapy. Open circles, patients who showed a clinical response
[complete response (CR) or partial response (PR)]; closed circles, patients who showed no
clinical response [progressive disease (PD)]. Data are mean ⫾ SEM of six patients in each
group. ⴱ, P ⬍ 0.05 compared with the PD groups. B, immunohistochemical staining of liver
specimens with (a) antihuman TRAIL-R1 antibody, (b) antihuman TRAIL-R2 antibody, and
(c) normal rabbit IgG (original magnification ⫻200). TRAIL-R1 and TRAIL-R2 were
expressed in all HCC tissues of all four patients. C, expression of TRAIL in tumorinfiltrating mononuclear cells. For immunofluorescent staining, the tissue was stained with
antihuman TRAIL antibody and Alexa 568-labeled streptavidin. TRAIL-positive cells
appear red in color (arrows; original magnification ⫻630). Nontumor area of the liver tissue
from the nonresponder (a), tumor site of the liver tissues from the nonresponder (b),
nontumor site of liver tissue from a representative responder (c), tumor site of liver tissue
from a representative responder (d), normal liver tissue (e), negative control staining with the
immunizing peptide in the TRAIL-antibody (f), D, TRAIL-positive cell counts in liver
tissues. NT, nontumor site; T, tumor site. Data are mean ⫾ SD of more than six 360
magnification fields. ⴱ, P ⬍ 0.05 compared with the normal liver.
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cells of three responders. Representative specimens are shown
in Fig. 5C-c and 5C-d. In contrast, TRAIL-expressing cells were
not detected in the nonresponder or in the normal liver (Fig.
5C-a, b, e). Quantitative analysis revealed significantly higher
numbers of TRAIL-positive mononuclear cells in the tumor site
and nontumor site of liver tissues of responders compared with
those of nonresponder and normal liver tissue (Fig. 5D). These
results suggest the possible contribution of TRAIL at the tumor
site.

HCC often invades major adjacent vessels such as the
portal vein, causes intra-hepatic metastasis, and finally becomes
uncontrollable despite repetitive and multimodal therapy (1).
We have previously reported the efficacy of IFN␣ and 5-FU
combination therapy against advanced HCC based on its high
responsive rate and low incidence of side effects (8). Although
some reports have characterized the synergistic action of IFN␣
and 5-FU against colon carcinoma cells (9, 10), the reasons for
IFN␣ enhancement of the antitumor effect of 5-FU against HCC
has not yet been elucidated. In the present study, we showed in
our in vitro experiments that TRAIL receptors on HCC cells
were up-regulated by 5-FU and that IFN␣ induced TRAIL on
CD4⫹ T cells, CD14⫹ monocytes, and CD56⫹ NK cells. Furthermore, the cytotoxic action of CD14⫹ monocytes and
CD56⫹ NK cells against HCC cells was enhanced through the
TRAIL-mediated pathway after treatment of effector cells by
IFN␣ and target HCC cells by 5-FU. These in vitro results
suggest the possible contribution of TRAIL/TRAIL receptormediated antitumor effector mechanism by host innate immune
cells to the antitumor effect of IFN␣/5-FU combination therapy.
Consistent with this notion, a positive correlation between the
clinical response and expression of TRAIL in PBMC was observed in patients with HCC who received the combination
therapy. Moreover, TRAIL-R1 and R2 were expressed in HCC
cells of all IFN␣/5-FU–treated patients, and TRAIL-expressing
tumor infiltrating cells were found in those patients who responded to the combination therapy.
It is conceivable that the TRAIL-mediated antitumor activity requires the expression of death-inducing TRAIL receptors, TRAIL-R1 and TRAIL-R2, on tumor cells (29, 30). However, it is still not clear whether the basal expression level of
TRAIL-R1 or TRAIL-R2 correlates with sensitivity to TRAIL.
Previous studies suggested a positive correlation between
TRAIL sensitivity and TRAIL-R1 or TRAIL-R2 expression in
melanomas, renal cell carcinomas, and Jurkat clones (29 –31),
whereas other studies suggested no correlation in breast carcinomas and multiple myelomas (32, 33). In HCC cell lines, it has
been reported that their TRAIL sensitivity did not correlate with
the basal expression level of TRAIL receptors (34, 35). In the
present study, three of five HCC cell lines (HuH7, PLC/PRF/5,
and HLF) were rather resistant and two of five HCC cell lines
(HLE and HepG2) were highly sensitive to soluble TRAIL.
Compared with TRAIL-resistant HCC cell lines, the TRAILsensitive HCC cell lines expressed higher basal levels of
TRAIL-R2. In contrast, the basal expression of TRAIL-R1 did
not correlate with TRAIL sensitivity. All five HCC cell lines
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DISCUSSION

showed negative basal expression of TRAIL-R3 and R4, despite
different TRAIL sensitivity. These results indicate that the basal
expression level of TRAIL-R2 correlates positively with TRAIL
sensitivity of HCC cells.
Treatment of HCC cells with TRAIL and 5-FU showed a
variable sensitivity to TRAIL among the five HCC cell lines. A
synergistic effect was observed against one cell line (HLF) and
an additive effect was observed against the other four cell lines.
It has been reported that chemotherapeutic agents, such as
doxorubicin, camptothecin, and cisplatin, also synergized with
TRAIL to induce apoptosis in HCC cell lines (34, 35). These
results are consistent with the report that coadministration of
recombinant TRAIL and 5-FU exhibited a synergistic antitumor
effect in a mouse model (36). Concerning the modulation of
TRAIL receptor expression by 5-FU, all TRAIL receptors,
including TRAIL-R1 and TRAIL-R2, were significantly upregulated in four of five HCC cell lines. A similar up-regulation
of TRAIL-R2 was observed previously with DNA-damaging
chemotherapeutic drugs such as doxorubicin, cisplatin, and
etoposide (33, 37, 38). Previous studies suggested that the
synergistic effect of TRAIL and chemotherapeutic agents might
be induced through the induction of TRAIL-R2 expression (29,
33, 38). Our result also showed that 5-FU synergistically enhanced TRAIL-mediated cytotoxicity through up-regulation of
TRAIL-R1 and R2 in HLF cells. Although up-regulation of
TRAIL-R1 and R2 by 5-FU was observed, 5-FU additively
enhanced TRAIL-mediated cytotoxicity in HuH7, PLC/PRF/5,
and HepG2 cells. In addition, neither up-regulation of TRAILreceptors nor synergy of 5-FU and TRAIL were observed in
HLE cells. These results imply that alteration of TRAIL-receptor expression might depend on differences between HCC cell
lines. Previous studies suggested that the alternation of other
intracellular factors determines the TRAIL sensitivity (31, 39).
It has been shown that TRAIL-induced apoptosis could be
inhibited by FLIP and Bcl-xL (40, 41). Recent reports showed
the importance of Bax and Bak, which regulate the release of
cytochrome c and Smac/DIABLO from the mitochondria during
TRAIL-induced apoptosis (42, 43). Additional studies are
needed to address the possible effect of 5-FU on these intracellular molecules in HCC cells.
We showed that IFN␣ markedly induced TRAIL expression on CD14⫹ monocytes and CD56⫹ NK cells in PBMC.
These results are consistent with previous reports (16, 44). 5-FU
did not affect the induction of TRAIL by IFN␣. We showed that
CD14⫹ monocytes and CD56⫹ NK cells were the major effector cells that kill target HCC cells in vitro, and their cytotoxicity
was enhanced by IFN␣. This enhancement was predominantly
mediated by TRAIL, because neutralizing anti-TRAIL mAb
mostly abrogated it. Moreover, when target HCC cells were
pretreated with 5-FU, the cytotoxicity by IFN␣-stimulated
CD14⫹ monocytes and CD56⫹ NK cells was markedly enhanced, which was also at least partly mediated by TRAIL.
These results suggested that the induction of TRAIL by IFN␣ in
innate immune effector cells, such as NK cells and monocytes,
and the modulation of TRAIL sensitivity of HCC target cells
may be involved in the beneficial effect of IFN␣/5-FU combination therapy. Because FasL and perforin, in addition to
TRAIL, are key cytotoxic effector molecules used by IFN␣-
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activated NK cells (45, 46), additional studies are needed to
clarify the contribution of these molecules.
Among the HCC patients who received IFN␣/5-FU combination therapy, the expression of TRAIL mRNA in PBMC
was significantly higher in clinical responders than in nonresponders. This suggests that up-regulation of TRAIL mRNA in
PBMC may be a predictor of the clinical response to the combination therapy. Consistently, Lancaster et al. (47) reported
recently that overexpression of TRAIL mRNA was associated
with favorable survival after chemotherapy in ovarian cancers.
In addition, we showed the infiltration of TRAIL-expressing
mononuclear cells into the TRAIL-R1– and TRAIL-R2–
expressing HCC tissue in responders to the combination therapy. These results support the possible contribution of TRAIL to
the clinical response.
Despite the development of various treatment modalities,
the prognosis of patients with advanced HCC associated with
Vp3 remains extremely poor (6). One of the major obstacles is
the low sensitivity of this type of HCC to chemotherapeutic
drugs (7). Therefore, the development of combination therapy
with various agents exerting differential antitumor effects is
urgent and mandatory. In this respect, IFN␣-induced TRAILmediated cytotoxicity by immune effector cells may be promising, because TRAIL exerts antitumor activity without significant toxicity against normal tissues (37, 48, 49). Consistent
with this notion, no measurable hepatotoxicity has been observed in patients receiving IFN␣/5-FU combination therapy.
In conclusion, the results of our in vitro and in vivo studies
suggest that modulation of the TRAIL/TRAIL receptor-mediated cytotoxic pathway might partially contribute to the antitumor effects of IFN␣ and 5-FU combination therapy against
HCC. Strategies aimed at further increasing TRAIL expression
in immune effector cells and further sensitizing tumor cells to
TRAIL are expected to augment the therapeutic effect of such
treatment.
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