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Abstract. The death receptor Fas transduces apoptotic death signaling upon stimula- 
tion by Fas ligand and plays a key role in viral hepatitis. When hepatitis-B virus (HBV) 
infects hepatocytes, the Fas IigandlFas system responds as the triggering machinery 
of hepatitis. However, some HBV-infected cells may circumvent Fas-mediated apop- 
tosis and transform to hepatoma cells, as do PLCIPRFIS hepatoma cells. Therefore, in 
the present study, we used PLCIPRFIS hepatoma cells to investigate this ability to 
avoid Fas-mediated apoptosis. When the cells were treated with an agonistic Fas 
antibody, they showed resistance to Fas-mediated apoptosis. In contrast, HepGP cells 
of the same hepatoma line succumbed. Caspase 3 and 8, which are essential regula- 
tors for Fas-mediated cell death, were expressed in both hepatoma cell lines, but only 
HepG2 cells showed activation of the caspases. A comparison study of expression of 
other death-associated factors between PLCIPRFIS and HepG2 cells revealed no ap- 
parent differences. However, Far-Western blotting analysis using the Fas death do- 
main (FDD) showed a significant difference. Molecular weight comparison and immu- 
noblotting analysis revealed that PLCIPRFIS cells lack the FDD-associated protein 
FADD. In addition, FDD-injected HepGP cells showed a resistance to Fas-mediated 
apoptosis, and PLCIPRFIS cells acquired Fas-sensitivity by FADD injection. Here, we 
propose that a functional absence of FADD is one of the pathways for the carcino- 
genesis of HBV-infected hepatocytes. [P.S.E.B.M. 1999, Vol 2211 

rogrammed cell death is a physiological process in- 
dispensable for the development and homeostatic P maintenance of multicellular organisms. Most pro- 

grammed cell death follows the apoptotic pathway (1 ) .  
Apoptotic cell death is accompanied by condensation and/or 
fragmentation of nuclei, loss of plasma membrane micro- 
villi, condensation of cytoplasm, and fragmentation of chro- 
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mosomal DNA into 180-bp oligomers (1). Apoptotic cell 
death has been encountered in embryonic and postembry- 
onic development (1). 

The death receptor Fas is a cell surface molecule be- 
longing to the nerve growth factor/tumor necrosis factor 
receptor family, and it transduces the apoptotic death sig- 
naling upon stimulation by Fas ligand (2). Fas also plays a 
dominant role in physiological cell death and various dis- 
ease states (2-5). Recently, the dominant role of Fas in 
hepatitis has been demonstrated (2,6-9). When hepatocytes 
are infected with hepatitis virus, including hepatitis-B virus 
(HBV), viral antigen is expressed on the surface of the 
infected cell (10). Cytotoxic T lymphocytes (CTLs) recog- 
nize this antigen, and Fas ligand expressed on the CTL's 
surface binds to Fas upon contact of the CTL and the hepa- 
titis virus-infected cell. Thus, CTLs remove the infected 
hepatocytes via induction of Fas-mediated apoptosis, 
namely CTL's kiss of death (1 1). While most hepatitis vi- 
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rus-infected hepatocytes are removed by this mechanism, 
some infected cells do manage to avoid this process and 
ultimately transform to hepatoma. 

The molecular mechanism of Fas-mediated apoptosis 
has been the subject of extensive investigation. Various 
genes have been identified that function to drive the death 
machinery and that act against apoptotic cell death. Fas 
contains multiple regions, one of which is the “death do- 
main” (2, 12). The death domain is an essential region for 
the transduction of Fas-mediated death signaling (13). Re- 
cently, FADD has been identified as a Fas-death domain- 
associated protein (14) that mediates apoptotic death signal- 
ing by binding to the Fas-death domain. Some death me- 
diators, such as caspase 8 (FLICWMACH and Refs. 15 and 
16), interact with the Fas-death domain via FADD. This 
complex formation (Fas-death domain, FADD, and caspase 
8) is termed Fas-DISC Death-Inducing Signaling Complex). 

The human hepatoma PLC/PRF/5 cell line (17) is a 
hepatoma line that transforms due to its ability to avoid 
Fas-mediated apoptosis induced by HBV. This hepatoma 
carries HBV and expresses its cell surface antigen (18, 19). 
This avoidance of Fas-mediated apoptosis and carcinogen- 
esis to hepatoma is an interesting phenomenon for the in- 
vestigation of Fas-initiated death signaling. We report here 
that PLC/PRF/5 hepatoma cells show a resistance to Fas- 
mediated apoptosis that is due to a functional absence of 
FADD. 

Materials and Methods 
Cell Culture. Two human hepatoma cell lines, 

HepG2 and PLC/PRF/5 cells, were kindly supplied by Dr. 
Yoshihide Tsujimoto, Osaka University Medical School, 
Osaka, Japan. Cells were maintained in RPMI-1640 me- 
dium (Gibco BRL, Life Technologies, Inc., Rockville, MD) 
and supplemented with 10% heat-inactivated fetal calf se- 
rum (FCS; Gibco BRL) in a humidified atmosphere of 5% 
CO, and 95% air. 

Assay of Cell Viability. Apoptotic cell death is ac- 
companied by condensation and/or fragmentation of chro- 
mosomal DNA (1, 20). In the present study, nuclei of 
treated cells were stained with Hoechst 33342/propidium 
iodide (PI) using procedures described previously (2 1-23). 
Nuclei without condensed and/or fragmented nuclei were 
recognized as normal. Cell viability was quantitated as the 
percentage of normal nuclei in total (about 5000) nuclei. 
Hoechst 33342 and PI were purchased from Molecular 
Probes, Inc. (Eugene, OR). After stimulation with antihu- 
man Fas antibody (Fas Ab; CH-11 clone, MBL, Nagoya, 
Japan and Ref. 24), cells were collected and stained with 
Hoechst 33342/PI, and then observed by fluorescence mi- 
croscopy. 

Cell viability was also measured with an MTT assay 
that was performed as previously described (22, 23). 

Preparation of Antihuman ILP Antibody. The 
pGEX5X-3 (25) was digested with BamHI, blunted with the 

Klenow fragment, and then self-ligated. The resulting plas- 
mid was named pGEX5X-3‘. The myc-epitope tagged ILP 
cDNA (pcDNAs-mycILP) was the kind donation of Dr. C. 
B. Thompson, The University of Chicago, Chicago, Illinois 
(25). A mycILP fragment was isolated by EcoRI digestion 
and subcloned into pGEX5X-3’. The GST-mycILP fusion 
protein was expressed in E. coli and purified on glutathione 
Sepharose 4B columns. An antigen emulsion was made 
from the purified protein (100 Fg) and complete Freund 
adjuvant (for primary immunization) or incomplete Freund 
adjuvant (for booster immunization) using an ultrasonicator. 
Female 8-week-old Balb/c mice were immunized subcuta- 
neously. Booster immunizations were given 2 and 5 weeks 
later, and blood was collected 1 week after the final booster 
immunization. 

Protein Extraction. Proteins were prepared for im- 
munoblotting and immunoprecipitation analysis by lysing 
cells with 1% NP-40 containing PBS for 30 min. All pro- 
cedures were carried out at 4°C. Lysates were centrifuged at 
15000 rpm for 15 min. Protein concentrations were deter- 
mined by a method described previously (26,27), using the 
BCA protein assay kit (Pierce, IL) with bovine serum albu- 
min as the standard. 

lmmunoblotting Analysis. Sample proteins sepa- 
rated by SDS-PAGE were transfered onto nitrocellulose 
filters with a semidry blotting system. The blotted filters 
were blocked with PBS containing 5% (w/v) skim milk 
(Snow Brand, Sapporo, Japan) at room temperature for 1 hr, 
washed with a mixture of PBS and 0.05% Tween 20 
(Tween-PBS, Sigma-Aldrich Japan, Tokyo, Japan), and 
then incubated overnight at room temperature with each 
antibody diluted with PBS. After washing with Tween-PBS, 
the filters were incubated with a 1000-fold diluted biotinyl- 
ated anti-mouse IgG antibody (Bio Source, Camarillo, CA), 
washed with Tween-PBS, and then incubated with avidin- 
horseradish peroxidase (Vector Lab, Inc., Burlingame, CA) 
at room temperature for 1 hr. The filters were washed with 
Tween-PBS and then developed with an ECL substrate and 
detection system. Antibodies specific for Fas, Bcl-2, Bcl- 
xL, Bcl-xs, Bax, and Bak were purchased from CalBiochem 
(San Diego, CA); antibody specific for caspase 3 was pur- 
chased from Signal Transduction Lab., (Lexington, KY). 

Far-Western Blotting Analysis Using FDD. Pro- 
teins extracted from HepG2 or PLC/PRF/5 cells were sepa- 
rated on 10% polyacrylamide gels and transferred onto a 
nitrocellulose fiiter using a semidry blotting system. Pro- 
teins were renatured with PBS containing 3% “-40, and 
filters were blocked with skim milk and incubated with 1 
Fg/ml of biotinylated recombinant human Fas-death do- 
main (FDD) purchased from Wako (Osaka, Japan). Detec- 
tion of bound biotin-FDD was performed with avidin- 
horseradish peroxidase and ECL as described above. 

Preparation of FADD Protein. To investigate ef- 
fects of FADD in Fas-mediated cell death of two hepatoma 
cell lines, FADD protein was collected from HepG2 cells. 
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Proteins were extracted with 1% NP40 in PBS from HepG2 
cells, and then FADD was collected with anti-FADD anti- 
body-conjugated protein A-Sepharose column. FADD was 
eluted from the column with a sodium chloride gradient and 
desalted. Monoclonal antibody for FADD was purchased 
from Transduction Lab. 

Microinjection Analysis. Microinjection analysis 
was performed for the investigation of FDD- and FADD- 
effects in Fas-mediated cell death in two hepatoma cell 
lines. FDD and FADD were diluted in PBS at 1 mg/ml. and 
microinjection was performed with a Transjector 5246 (ep- 
pendorf, Hamburg, Germany). Microinjection was per- 
formed at 100 hPa for 3 s. In the present study, no abnor- 
malities were observed during the first week after the cells 
were microinjected with PBS. 

Results 
Fas Ab-Induced Apoptotic Cell Death in HepGP 

Cells, but not in PLC/PRF/5 Cells. The effect of the 
agonistic antihuman Fas antibody (Fas Ab: CH- 11 clone 
and Ref. 24) in two human hepatoma cell lines was exam- 
ined. Fas Ab treatment in the absence of actinomycin D. a 
de nova protein synthesis inhibitor (transcription inhibitor). 
did not decrease cell viability in either hepatoma cell line 
(data not shown). However, when cells were treated with 
various doses of Fas Ab for 24 hr in the presence of acti- 
nomycin D, dose-dependent cytolytic activity was observed 
only in HepG2 cells. but not in PLC/PRF/5 cells (Fig. 1A). 
To further examine the effects of the Fas Ab in both hepa- 
toma cell lines, Hoechst 33342ffI staining analysis was per- 
formed. As shown in Fig. I(B), Fas Ab induced a decrease 
in the numbers of intact nuclei in HepC2 cells, but not in 
PLC/PRF/5 cells. Both observations indicate that Fas- 
mediated apoptosis is initiated in only HepG2 cells, but not 
in PLC/PRF/5 cells. 

Caspase 3 and 8 in Both Hepatoma Cell Lines. 
Although there were no obvious differences in Fas expres- 

sion in the two hepatoma cell lines (Fig. 2A), a significant 
difference was observed in Fas-sensitivity. To further in- 
vestigate this difference, the expression and activation of 

caspase 3 and 8 was examined. As shown in Fig. 2(B,C), 
expression of caspase 3 and 8 was observed in both hepa- 
toma cell lines, but these were activated in only HepG2 cells 
after Fas Ab treatment. These results suggest that PLC/ 
PRF/5 cells either lack a necessary factor(s) that participates 
in the signaling pathway of caspase 3 and 8 activation, or 
overexpress the death suppressor. 

Comparison of Death Suppressor Expression. 
To examine the possibility that the resistance to Fas in the 

PLC/PRF/S cells was due to an overexpression of the death 
suppressor, immunoblotting analysis was performed. As 
shown in Table I of the death suppressors and their related 
proteins that were tested (death suppressor: Bcl-2, Bcl-xL, 
and ILP; and Bcl-2 related protein: Bcl-xs, Bax and Bak), 
there were no apparent differences in expression between 
HepG2 and PLC/PRF/5 cells. 

Functional Absence of FADD in PLC/PRF/5 
Cells. Fas contains multiple domains, and the cytoplasmic 
death domain is the most important for the transduction of 
apoptotic death signaling (2, 12, 13). We therefore exam- 
ined Fas-death domain (FDD)-binding proteins in HepG2 
and PLC/PRF/S cells. Far-Western blotting analysis re- 
vealed two FDD-binding proteins (46 kDa and 27 kDa) in 
HepG2 cells (Fig. 3A). In contrast, PLC/PRF/5 cells 
showed only a 46-kDa FDD-binding protein (Fig. 3A). On 
the basis of molecular weight comparison (28) and immu- 
noblotting analysis, it appears that the 46-kDa protein is 
Fas, and the 27-kDa protein is FADD (Figs. 2A and 3B). 

Regulation of Apoptosis by FADD in Hepatoma 
Cells. Our present findings suggest that the resistance to 
Fas-mediated apoptosis in PLC/PRF/5 cell is due to a func- 
tional absence of FADD. Therefore, an effect of FDD (hu- 
man recombinant Fas-death domain) or FADD in Fas- 
mediated apoptosis of hepatoma cells was examined to 
evaluate this possibility. Results from the microinjection of 
FDD or FADD into each hepatoma cell line showed that 
HepG2 cells are resistant to Fas-mediated apoptosis, even in 
the presence of actinomycin D by FDD, and Fas sensitivity 
was acquired by FADD in PLC/PRF/5 cells (Fig. 4). These 
results strongly suggest that the resistance to Fas-mediated 

A B 

Figure 1. Fas-mediated apoptosis in human hep- 
atoma cell lines. HepG2 (open circle) or PLC/PRF/5 
(closed circle) cells were treated with various con- 
centrations of agonistic Fas antibody (CH-11 clone) 
for 24 hr in the presence of actinomycin D (0.5 pg/ 
ml). After treatment, (A) cell viability and (B) per- 
centage of intact nuclei were measured with the (A) 
MTT assay or the (B) Hoechst 33342/Pl staining 
procedure. 
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apoptosis in PLC/PRF/S cells is due to a functional absence 
of FADD. 

Discussion 

The death receptor Fas induces apoptotic death signal- 
ing upon stimulation by the Fas ligand (2). Recently, a 
dominant role of Fas in various disease states, especially in 
hepatitis, has been reported (2,5). Hepatitis virus, including 

Figure 2. Death inducers in hepatoma cell lines. (A) Expression of 
Fas. Proteins were extracted from HepG2 or PLC/PRF/5 cells, and 
immunoblotting was performed. Bars on the left side of the photo- 
graph show the protein marker positions (66, 45,30 and 20 kDa; top 
to bottom). (6) Expression of caspase 3 and 8. lmrnunoblotting with 
antibodies to caspase 3 (left) and 8 (right) was performed. Bars on 
the left side of the photograph show the protein marker positions (66, 
45, 30 and 20 kDa; top to bottom). (C) Activation of caspase 3 and 
8. Cells were treated with (closed) or without (open) Fas Ab (1 pg/ml) 
for 12 hr in the presence of actinomycin D (0.5 pglml). Enzymatic 
activities of caspase 3 (left) and 8 (right) were measured with DEVD- 
MCA (substrate for caspase 3 and Refs. 21 and 42) or IETD-MCA 
(substrate for caspase 8 and Refs. 23 and 43). 

HBV, initiates viral antigen expression on the surface of 
infected hepatocytes. CTL recognize this cell surface anti- 
gen, and the Fas ligand/Fas system is triggered by the con- 
tact of CTL and hepatitis virus-infected hepatocytes to re- 
move infected cells (10, 11). However, in rare instances, 
some hepatitis virus-infected hepatocytes avoid this death 
induction machinery and transform to hepatoma by mecha- 
nisms that are largely unknown. The PLC/PRF/S cell line is 
known to be an HBV-infected and antigen-expressing hu- 
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Table 1. lmmunoblotting Analysis of Death Suppressors and Bd2-Related Proteins 

Family Antibody 
specificity HepG2 PLC/PRF/S Function 

Bcl-2 

IAP 

Bcl-2 
BCl-XL 
BCl-XS 
Bax 
Bak 

ILP + + 

Suppressor 
Suppressor 
Accelerator 
Accelerator 
Accelerator 

Suppressor 

Note. - = not detected; + = detected 

Figure 3. (A) Far-Western blotting analysis using FDD. Proteins extracted from HepG2 (HepG2) or PLCIPRFA (PLC) Cells were separated 
on 10% SDS-PAGE gels, renatured, and then incubated with biotinylated FDD. Arrowheads show the position of FDD-binding proteins (Upper 
is 46-kDa, and lower is 27-kDa). (8) Absence of FADD in PLC/PRF/5 cells. Proteins from HepG2 or PLC/PRF/5 cells were separated on 10% 
SDS-PAGE gels and reacted with antihuman FADD. The arrow shows the position of FADD, and bars on the left side show the protein marker 
positions (66, 45, 30 and 20 kDa; top to bottom). 

man hepatoma cell line (17-19), and therefore. useful to 
achieve the molecular mechanism of transformation i n  
HBV-infected hepatocytes. 

Fas-mediated apoptosis was examined using an agonis- 
tic antihuman Fas antibody (Fas Ab: CH-I 1 clone and Ref. 
24) in two human hepatoma cell lines, HepG2 and PLC/ 
PW/S cells. HepG2 cell viability decreased by the Fas Ab 
treatment in the presence of actinomycin D with a parallel 
reduction in the percentage of intact nuclei. Fas Ab induced 

nuclear condensation and/or fragmentation in a typical 
apoptotic fashion, and in a dose-dependent manner, consis- 
tent with results reported by Hasegawa et aZ. (21). In con- 
trast, PLC/PRF/S cells did not show any decrease in cell 
viability or percentage of intact nuclei. These results raise 
the possibility that a comparison between HepG2 and PLC/ 
PRF/S cells may provide a model system to achieve the 
molecular mechanisms of the transformation of HBV- 
infected hepatocytes. 
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Figure 4. Regulation of Fas-mediated apoptosis by FDD and FADD. 
FDD or FADD was loaded into HepG2 (open) or PLCIPRFI5 (closed) 
cells by microinjection. After microinjection, cells were treated with 
Fas Ab at 1 p g h l  for 24 hr, and then the percentage of intact nuclei 
was calculated with the Hoechst 33342/Pl staining procedure. 

Immunoblotting analysis was performed as an initial 
approach. We examined the expression of nine death- 
associated factors: Fas, Bcl-2, Bcl-xL, Bcl-xs, Bax, Bak, 
caspase 3, caspase 8 and JLP. Immunoblotting analysis did 
not reveal any apparent differences in expression of these 
antigens between HepG2 and PLC/PRF/S cells. However, 
several conclusions regarding the molecular mechanism of 
the transformation of HBV-infected hepatocyte can be 
drawn from these observations: 1) HBV may not affect Fas 
expression, including Fas mRNA transcription and transla- 
tion, since there is no difference in Fas expression between 
HepG2 and PLC/PRF/S cells; 2) The death suppressors 
Bcl-2 and Bcl-xL (29-31) were not expressed in these hep- 
atoma cell lines so the Bcl-2 family, especially suppressors, 
is not involved in the resistance of PLCPRF/S cells; 3) 
Some death accelerators (31-33) (Bax and Bak, but not 
Bcl-xs) were expressed in both hepatoma cell lines, but 
these are also not involved with the resistance; and 4) PLC/ 
PRF/5 cells carry the endogenous suppressor ILP for 
caspase 3 (34). However, these factors are most likely not 
involved with the resistance of PLC/PRF/S cells, since 
HepG2 cells, which demonstrate Fas-mediated apoptosis, 
showed similar antigen expression. 

In addition, activation of the caspase 3 and 8 death 
mediators was also examined. Following death induction in 
HepG2 cells, activation of both caspase 3 and 8 was ob- 
served. Whereas expression of caspase 3 and 8 was detected 
in PLC/PRF/S cells, neither death mediator was activated by 
the Fas Ab treatment. These results raised the possibility 

that PLC/PRF/S cells may lack the factor@) involved with 
the caspase activation transduced from Fas. Fas contains 
some interesting domains including an extracellular domain 
for ligand binding (12), an inhibitor domain for the binding 
of FAP-1 (33,  and the most important region for the trans- 
duction of apoptotic death signaling, the “death domain” 
(12, 13). Recently, FADD was identified as a Fas-death 
domain (FDD)-binding protein (14). FADD binding to the 
FDD supports the apoptotic death signaling by transduction 
of the death stimulation to a downstream death-associated 
factor, such as caspase 8 (15, 16). Thus, FDD-associated 
factors exist in the cytoplasm. The above tested factors, 
except for caspase 8, act in key roles at the down-stream 
portion of the pathway, as compared with FDD-associated 
factors like FADD. Far-Western blotting analysis revealed 
two FDD-associated proteins in HepG2 cells (46-kDa and 
27-ma). Interestingly, the 27-kDa FDD-associated protein 
did not exist in PLC/PRF/S cell extracts, suggesting the 
possible involvement of this protein in the resistance to 
Fas-mediated apoptosis in PLC/PRF/5 cells. On the basis of 
molecular weight comparison (28) and ability to bind to 
FDD, the possibility was raised that the 46-kDa protein was 
Fas and the 27-kDa protein was FADD. Immunoblotting 
analysis additionally confirmed the identities of these pro- 
teins and indicated the functional absence of FADD in PLC/ 
PRF/S cells. In addition, our present results strongly suggest 
that the resistance to Fas-mediated apoptosis in PLC/PRF/5 
cells is due to the functional absence of FADD. Although 
PLC/PRF/S cells carry caspase 8, they cannot mediate the 
apoptotic death signaling in the absence of FADD. 

We suggested that the resistance to Fas-mediated ap- 
optosis in PLC/PRF/5 cell is due to a functional absence of 
FADD. This observation may give some insight into the 
molecular mechanism leading to the transformation of 
HBV-infected hepatocytes. HepG2 cells show Fas-mediated 
cell death only in the presence of actinomycin D. However, 
even those cells showed resistance in the presence of acti- 
nomycin D after FDD injection. Using Far-Westem blot- 
ting, we demonstrated that FDD is bound to Fas, possibly to 
the cytoplasmic “death domain,” and FADD. One explana- 
tion is that this resistance is due to the binding of FDD to the 
Fas-death domain and FADD. In other words, FDD acted as 
a pseudo-target for FADD and Fas-death domain in HepG2 
cells. Thus, it appears that preventing the binding between 
the Fas-death domain and FADD results in resistance to 
Fas-mediated apoptosis. On the other hand, PLC/PRF/S 
cells showed the resistance to Fas-mediated apoptosis, but 
Fas sensitivity was acquired by FADD injection. These re- 
sults strongly indicated that PLC/PRF/5 cells lack FADD 
following HBV-induced carcinogenesis. 

In the present study, we attempted to elucidate the mo- 
lecular mechanism of the transformation of HBV-infected 
hepatocytes to hepatoma, using the human HBV-infected 
hepatoma PLC/PRF/5 cell line. We compared the Fas- 
sensitive hepatoma HepG2 cells and Fas-insensitive hepa- 
toma PLC/PRF/S cells, and demonstrated a functional ab- 
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sence of FADD in the PLC/PRF/S cells. On the basis of our 
results, we hypothesize that the molecular mechanism of the 
HBV-infected hepatocyte transformation may proceed as 
shown schematically (Fig. 5). When HBV infects a hepa- 
tocyte, expression of HBV-cell surface antigen is induced. 
CTLs recognize this antigen and bind to the HBV-infected 
hepatocyte. Upon contact between the HBV-infected hepa- 
tocyte and the CTL, the Fas ligand binds to Fas to initiate 
the apoptotic death signaling events for removal of the 
HBV-infected hepatocyte. This hepatocyte death results in 
hepatitis. In contrast, HBV infection may also block FADD 
by an unknown system resulting in a functional absence of 
FADD. These HBV-infected hepatocytes avoid Fas- 
mediated apoptosis, and ultimately transform to hepatoma. 
Recently we reported that PKC-E was newly expressed dur- 
ing the malignancy of mammary tumor (36) .  PKC-E may 
initiate the transformation of HBV-infected hepatocyte after 
the avoidance of Fas-mediated apoptosis. 

This approach is just one of numerous molecular 
mechanisms for transformation of HBV-infected hepato- 
cytes. Recently, various death suppressors have been iden- 
tified from viral genes, such as cowpox virus crmA and 
baculovirus p35 that directly suppress the interleukin- 1 p 
converting enzyme (ICE: caspase 1 37-40), and FLIP that 
suppresses the binding of Fas-death domain and caspase 8 
(41). Thus, some viral proteins can directly suppress Fas- 

Hepatoc 

Avoidance of apoptosis 1 

1 Transformation 1 Apoptosis 

i 
Hepatoma 

1 
Hepatitis 

Figure 5. Schematic model of the molecular mechanism of HBV- 
infected hepatocyte death and transformation. HBV infects hepato- 
cytes and induces the surface expression of HBV antigen for recog- 
nition by CTLs. The Fas ligand expressed on CTL cell surfaces binds 
in a reciprocal fashion to Fas receptor expressed on the infected 
hepatocytes. Appropriate signal transduction occurs, and hepatitis is 
induced as a result of apoptosis (left model). In contrast, HBV blocks 
functional expression of FADD in some HBV-infected hepatocytes. 
The cells then transform to hepatoma as a result of the avoidance of 
Fas-mediated apoptosis. Abbreviations are: CTL: cytotoxic T lym- 
phocyte; HBV: hepatitis B virus; HBV Ag: HBV antigen. 

mediated apoptosis. HBV appears to suppress Fas-mediated 
apoptosis indirectly, namely death suppression by the in- 
duction of FADD dysfunction. Further studies are needed to 
elucidate the molecular pathways that support this role of 
FADD in HBV infection. 
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