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Abstract

AIM: To investigate the reduction of cell viability in human
hepatocellular carcinoma (HCC) cell lines induced by
inhibition of nuclear factor B (NFB).

METHODS: HLE, SKHep1, and HepG2 were incubated and
E3330 was used to compare the stimulation of some
chemotherapeutic drugs with that of TNF family, Fas
ligand, TNF and TNF-related apoptosis-inducing ligand
(TRAIL) at the point of the reduction of cell viability by
inhibiting NFB.

RESULTS: E3330 decreased NFB levels in HLE cells
stimulated by TNF and TRAIL. The cytotoxicity of the
combination of TRAIL, TNF, Fas ligand, and E3330
increased synergistically in a dose-dependent manner
compared to either E3330 alone in all HCC cell lines
by MTT assay. However, the combination of some
chemotherapeutic drugs and E3330 did not decrease the
cell viability.

CONCLUSION: Inhibition of NFB sensitizes human HCC
cell lines to TNF-mediated apoptosis including TRAIL, and
TRAIL-based tumor therapy might be a powerful potential
therapeutic tool in the treatment of human HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: E3330; NFB inhibitor; Cytotoxicity; TRAIL;
TNF; Fas ligand; Doxorubicin; Camptotecin

Saitou Y, Shiraki K, Yamanaka T, Miyashita K, Inoue T,
Yamanaka Y, Yamaguchi Y, Enokimura N, Yamamoto N,
Itou K, Sugimoto K, Nakano T. Augmentation of tumor
necrosis factor family-induced apoptosis by E3330 in human

hepatocellular carcinoma cell lines via inhibition of NFB. World
J Gastroenterol  2005; 11(40): 6258-6261

http://www.wjgnet.com/1007-9327/11/6258.asp

INTRODUCTION

The process of apoptosis is fundamental in the deve-
lopmental and homeostatic maintenance of complex
biological systems[1,2]. Dysregulation or failure of  normal
apoptotic mechanisms contributes to the transformation
of cells and provides a growth advantage to cancer cells[3].
TNF family members, such as TNF and Fas ligand, play
an important role in determining cell death or survival in a
variety of  human cells and transformed cells[2,4]. However,
the potential use of systemically administered TNF and
Fas ligand is limited by their acute cytotoxic effects on
normal tissues in vivo, thereby limiting their widespread use
in the treatment of cancer[5,6]. In contrast, TNF-related
apoptosis-inducing ligand (TRAIL) is able to kill a wide
spectrum of tumor cells, and appears to be nontoxic to
most normal cells[7].

Nuclear factor B (NFB) is an essential survival factor
in many physiological conditions, such as embryonic liver
development and liver regeneration[8]. In liver neoplasm,
NFB plays an important role in the resistance to TNF
cytotoxicity and functional pathways including TNF
receptor-associated factor 2[9].

Compound E3330 has a therapeutic effect in murine
models of endotoxin-mediated hepatitis and in rats with
galactosamine-induced hepatitis, presumably as a result of
E3330 inhibition of TNF generation[10,11]. E3330 inhibits
NFB DNA binding, most probably via an interaction with
a nuclear factor that activates NFB activity[12].

Previously we have demonstrated that incubation with
TRAIL induces NFB activation in hepatocellular carcinoma
(HCC) cell lines, and the cells show strong resistance to
TRAIL-induced apoptosis[13-17]. Therefore, we have inve-
stigated the reduction of cell viability induced by inhibition
of NFB using E3330 and some chemo-therapeutic drugs
or TNF family members, especially TRAIL.

MATERIALS AND METHODS

Reagents
E3330, a quinone derivative ((2E)-3-[5-(2,3-dimethoxy-6-
methyl-1,4-benzoquinoyl)]-2-propenoic acid), was a gift from



Eisai Co., Ltd. E3330 could inhibit LPS-induced TNF
generation in human monocytes[18]. TNF-family members,
TRAIL, TNF, Fas ligand were obtained from MBL,
Nagoya, Japan. Chemotherapeutic agents doxorubicin and
camptotecin were obtained from Sigma.

HCC cell lines
The HLE cell line was purchased from the Health Science
Research Resources Bank (Osaka, Japan). HepG2 and
SKHep1 cells were purchased from American Type Culture
Collection (Rockville, MD, USA). Cells were cultured in
Dulbecco’s modified Eagle’s medium (Dainippon
Pharmaceutical Co., Ltd., Osaka, Japan) at 37 ℃. All media
were supplemented with 1% penicillin/streptomycin
(GIBCO BRL) and 10% heat-inactivated fetal calf serum
(GIBCO BRL).

NFB luciferase reporter gene assay
The pNFB-Luc vector (Mercury Pathway Profiling
System) and the pCMV-IkBa vector were obtained from
Clontech (San Diego, CA, USA). Human HCC cells (2×105)
were grown in six-well plates in triplicate the day before
transfection. Cells were transfected using FuGENE 6
(Boehringer Mannheim) and incubated for 18 h at 37 ℃. The
medium was removed and cells were incubated in complete
media for 24 h. Cells were stimulated with 20 ng/mL
TRAIL (R&D Systems, Nagoya, Japan), 100 U/mL TNF
(Genzyme-Techne, Cambridge, MA, USA) for 24 h.
Luciferase activity was determined from cell extracts using
a luciferase assay system (Promega) and a luminometer
(Berthold Analytical Instruments, Nashua, NH, USA). The
results were presented as the fold induction above the
luciferase activity found in cells without stimulation.

Detection of apoptosis
To assess the viability of  human HCC cell lines, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay was performed. The cells ware plated at a
density of 5×103 cells/well in 96-well microtiter plates and
each plate was incubated for 24 h at 37 ℃ in 50 mL/L
CO2. HCC cell lines were treated with E3330 for 12 h and
then with TRAIL (20 ng/mL), TNF (100 U/mL), Fas
ligand (500 ng/mL), doxorubicin (0.1 g/mL) and/or
camptotecin (0.1 g/mL) for another 12 h. The live-cell
count was assayed using a cell titer 96 assay kit (Promega,
Madison, WI, USA) according to the manufacturer’s
instructions. The absorbance of each sample was measured
at 570 nm with a microtiter plate reader (Bio-Rad
Laboratories, Hercules, CA, USA).

RESULTS

NFB activation was induced by TNF, TRAIL and
E3330 in HLE cells. Because all human HCC cell lines
showed strong resistance to TNF- and TRAIL-mediated
apoptosis, we investigated NFB levels by NFB luciferase
reporter gene assay 12 h after NFB inhibitor (E3330)
application in HLE cell line. E3330 decreased NFB levels
in a dose-dependent manner in HLE cells stimulated by
TNF and TRAIL (Figure 1).

The cell viability was decreased by the combination of
TRAIL, TNF, Fas ligand, and E3330 in HCC cell lines.
The effect of E3330 on apoptosis induced by TRAIL,
TNF and Fas ligand was examined because E3330 was
shown to inhibit the activity of  NFB. We incubated human
HCC cell lines with E3330 for 12 h, then combined E3330
with TNF (100 U/mL), Fas ligand (500 ng/mL), or TRAIL
(20 ng/mL), and examined the cell viability after 12 h by
MTT assay. The cytotoxicity of the combination of TRAIL,
TNF, Fas ligand and E3330 increased synergistically in a
dose-dependent manner compared to E3330 alone in all
HCC cell lines (Figure 2).

Next, we investigated the cell viability of HCC cell lines
inhibited by both chemotherapeutic agents and E3330.
We incubated human HCC cell lines with E3330 for 12 h,
then combined E3330 with doxorubicin (0.1 mg/mL) or
camptotecin (0.1 mg/mL) for an additional 12 h and
examined the cell viability after 12 h by MTT assay.
Interestingly, doxorubicin and camptotecin had little
effect on the reduction of cell viability in all HCC cell
lines though they were used in combination with E3330
(Figure 2).

Figure 1  TRAIL-induced NFB activation in HLE cells (A,B).

DISCUSSION

TRAIL can induce apoptosis by interaction with two
receptors, TRAIL-R1 (DR4) and TRAIL-R2 (DR5)[19-24].
These receptors have a death domain that mediates cellular
apoptosis. Two other receptors, known as TRAIL-R3 and
TRAIL-R4, inhibit apoptosis by acting as decoy receptors
because they do not contain the cytoplasmic death domain.
These decoy receptors are highly expressed in normal
tissues, but have a substantially lower expression in malignant
cells[21-26].

However, it is of  interest to determine at which level
HCC cells inhibit TRAIL-induced death signaling in HCC
cells. NFB is a key mediator in the inhibition of apoptotic
responses and NFB activation has been shown to increase
the antiapoptotic threshold of cells and tissues exposed to
cytotoxic cytokines such as TNF by suppressing the initiation
of caspase-8 activation[27]. On the other hand, NFB has
many wide-ranging effects that are controlled by a complex
regulatory network of inhibitors and coactivators[28-30]. Given
the intimate connection between host defense reactions and
NFB, this transcription factor and its associated regulators

    0        10      50      100     0        10      50      100

TNFα TRAIL

E3330(μmol/L)

F
ol

d 
in

du
ct

io
n

F
ol

d 
in

du
ct

io
n

E3330(μmol/L)

A B

 Saitou Y et al. Augmentation of TNF family-induced apoptosis by E3330                                6259

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0



could provide attractive targets for therapeutic intervention
in a number of diseases or pathologic conditions. In this
line, a number of anti-NFB drugs have already been
developed[12].

In the current report, E3330 inhibits NFB DNA
binding, most probably via an interaction with a nuclear
factor that activates NFB activity[12]. We studied E3330-
inhibited NFB activity in HCC cell line and found that
E3330 decreased NFB levels in a dose-dependent manner
at HLE cells stimulated by TNF and TRAIL.

NFB may inhibit the apoptosis induced by TNF
family members such as TRAIL, TNF, Fas ligand. Our
results indicate that the inhibition of NFB could increase
cytotoxicity in combination with TNF family members such
as TRAIL, TNF and Fas ligand in HCC cell lines, while
E3330 could inhibit NFB in a dose-dependent manner.
Thus, we believe that inhibition of NFB could augment
the cellular apoptosis induced by TNF family members.

Within the TNF family members, the receptor/ligand
pair Fas/Fas ligand has been noted to play an important
role in the apoptosis of hepatocytes. In contrast to Fas/Fas
ligand, TRAIL is able to kill a broad spectrum of tumor
cells, but appears to be nontoxic to most normal cells[7]. We
demonstrated that inhibition of NFB sensitized human
HCC cell lines to TNF-mediated apoptosis, suggesting that
TRAIL-based tumor therapy in combination with anti-NFB
agents might be a powerful potential therapeutic tool in the
treatment of human HCC.
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