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Interferon-g apoptosis

Fas-mediated apoptosis

, interferon-g (IFN-g) Fas-
mediated apoptosis . IFN-g Fas-mediated apoptosis
, IFN-g Fas-mediated apoptosis
. IFN-g Fas
13 Fas-mediated apoptosis , IFN-g
3 (SNU-354, SNU-387, SNU-423) . IFN-g
Fas-mediated apoptosis , IFN-g
apoptosis . ,
IFN-g Fas, TNF-related apoptosisiinducing ligand (TRAIL), caspase-1
MRNA , Fas
Fas IFN-g Fas-mediated apoptosis
, IFN-g Fas
IFN-g Fas-mediated apoptosis
, SNU-368 IFN-g Fas
, , IFN-g
SNU-368 caspase-3 ,
apoptosis . , SNU-368 IFN-g
apoptosis , Fas, TRAIL, caspase-1
MRNA . , SNU-368 TRAIL mMRNA
, DR4 DR5 IFN-g
, decoy DcR1 IFN-g ,
DcR2 IFN-g . ,
IFN-g SNU-368 apoptosis  IFN-g TRAIL
apoptosis , DR4-Fc
SNU-368 IFN-g apoptosis
, IFN-g cytokine Fas-mediated apoptosis
interleukin-6 (IL-6)  interleukin-8 (IL-8)  apoptosis
, SNU-354  SNU-368
Fas-mediated apoptosis IL-6 IL-8



, IL-6

TRAIL

IL-8 SNU-354  SNU-368

Fas-mediated apoptosis
IFN-g

Fas-mediated apoptosis

IFN-g Fas

apoptosis IFN-g

. interferon-g (IFN-g),
ligand (TRAIL)

apoptosis, Fas, TNF-related apoptosis-inducing



Interferon-g apoptosis

(death receptor)  tumor necrosis factor (TNF) family
, TNF family apoptosis
caspase cascade ,
apoptosis 12
Fas (CD95, APO-1) ¢ Fas ligand (FasL) .FasL Fas
Fas death domain  adaptor Fas-associating protein with
death domain (FADD) 20 FADD-like interleukin-1b-converting enzyme
(FLICE, caspase-8) 8 caspase cascade
( 1). caspase-3 caspase , poly (ADP) ribose
polymerase (PARP), lamin, rho-GDI, actin, inhibitor of caspase-activated DNase (ICAD)
: apoptosis 2 caspase-activated
DNase (CAD) apoptosis DNA ladder
Jo Fas apoptosis Fas-associated factor 1 (FAF1)  apoptosis
2 Fas-associated phosphatase (FAP)  apoptosis B
, FasL Fas Fas alternative splicing
Fas'  decoy receptor 3 (DcR3)"™ FasL Fas

Fas TRAIL . TNF-related
apoptosis-inducing ligand (TRAIL, APO-2L)  FasL TNF family et
4 . death receptor 4 (DR4, TRAIL receptor
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1 apoptosis . Fas FasL ,DR4 DR5 TRAIL
death domain ~ FADD adaptor FLICE
caspase cascade . (death substrate)
apoptosis . cytochrome C  caspase cascade
, Bcl-2 family cytochrome C apoptosis
1) death receptor 5 (DR5, TRAIL receptor 2) Fas death
domain , &daptor caspase cascade ,
apoptosis 182 decoy receptor 1 (DcR1, TRAIL receptor
3)  decoy receptor 2 (DcR2, TRAIL receptor 4)  TRAIL ,
death domain apoptosis , DR4
DR5 TRAIL 19202326
TRAIL tumor necrosis factor-related activation-induced cytokine (TRANCE, receptor
activator of NF-kB ligand) osteoprotegerin 7
osteoprotegerin - TRAIL decoy
, TRAIL apoptosis
apoptosis , decoy
_28
FasL TRAIL
(effector molecule) . FasL



T natural killer (NK) perforin, granzyme
T NK %0 T
T apoptosis 3 , FasL
, FasL
apoptosis (anti-tumor immune surveillance)
3236 , TRAIL
, T , (monocyte),
(dendritic cell) TRAIL
37-40 NK
(liver NK cdll) , NK
FasL, perforin TRAIL ,
TRAIL A
FasL TRAIL
, FasL TRAIL-induced apoptosis
FasL TRAIL apoptosis
FasL  TRAIL apoptosis
. Fas e
Fas 4 Bcl-2 2% DcR3 ,”® FLICE inhibitory protein
(FLIP) inhibitor of apoptosis (IAP) family 46-48
apoptosis 9% Fagl Fas
2t Fas-mediated apoptosis
5258 , TRAIL TRAIL
apoptosis , TRAIL
apoptosis > ,
FasL  TRAIL apoptosis
, FasL TRAIL apoptosis
_55,56 Fas
38425758 Fas-mediated apoptosis
Fas Fas
> TRAIL-induced
apoptosis ,



TRAIL-induced apoptosis ,

FasL TRAIL apoptosis
, cytokine
(microenvironment) cytokine
, cytokine T
cytokine chemokine ost
cytokine , T NK
cytokine interferon-g (IFN-g) . IFN-g
apoptosis , Fas-mediated apoptosis
52¢7 IFN-g [Fas-mediated apoptosis
Fas 2% Bcl-2  Bdl-x, 8% Bax  Bak 8368
caspase-1 caspase 66,67
IFN-g Fas-mediated apoptosis %
, IFN-g  TRAIL-induced apoptosis
, IFN-g TRAIL
_39,40,69—71
cytokine interleukin-6 (IL-6)  apoptosis
, IL-6 B
(hepatitis B virus)  HBX 2 transforming
growth factor-b (TGF-b) apoptosis 7 , IL-6
apoptosis phosphatidylinositol-3 kinase (PI-3 kinase)/Akt signal
transducers and activators of transcription (STAT) 3 7
, 1IL-6 Fas-mediated apoptosis
) , interleukin-8 (IL-8) BL74
IL-8 e , IL-8
Fas-mediated apoptosis
, cytokine
apoptosis . , IFN-g Fas-mediated apoptosis
IFN-g apoptosis

, IL-6 IL-8 Fasmediated apoptosis



SK-HEP-1 (ATCC HTB 52), Hep G2 (ATCC HB 8065),
Hep G2.2.155 Hep 3B (ATCC HB 8064), PLC/PRF/5 (ATCC CRL 8024), SNU-182, SNU-354,
SNU-368, SNU-387, SNU-398, SNU-423, SNU-449, SNU-475 . SNU

76

’

’

Chang liver (ATCC CCL 13) ,

10% (Gibco BRL, Grand Idand, NY, USA) 100 U/ml  penicillin,
100 mg/ml  streptomycin RPMI 1640 (Gibco BRL)

2. Lactate dehydrogenase

lactate dehydrogenase (LDH) 7
24 well plate 50-60% , 250 U/ml IFN-g
(Genzyme, Cambridge, MA, USA) .36 , well 500 m
, anti-Fas 1gM CH11
(MBL, Watertown, MA, USA) 250 ng/ml . , IFN-g
SNU-368 apoptosis DR4-Fc (R&D Systems,
Minneapolis, MN, USA) Fas-Fc (R&D Systems) ,
IL-6 IL-8 IL-6 (R&D Systems) IL-8
(R&D Systems) . , 36 LDH
. Wl 500 m 100 m 96 well plate well
, 1% Triton X-100
50 M 96 well plate , NADH (Sigma, St. Louis, MO, USA)
pyruvate (Sigma) plate reader 340 nm
, LDH . .
=[( 100 M LDH - 100 M LDH yl2°
( 50mM LDH - 1% Triton X-100 50m LDH
)]~ 100



3. 3-(4-,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide

3-(4-,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide

(MTT) B wdl 17 10 96 well plate
, 200 ng/ml TRAIL (R&D Systems)
, 24 . well 2 mg/ml
MTT 50 37 4 , plate 200 g 10
dimethyl sulfoxide 50 i
, MTT  plate reader 570 nm
4, Caspase-3
IFN-g , caspase-3 Acetyl-Asp-
Glu-Val-Asp-aminomethyl coumarin (Ac-DEVD-AMC,; Pharmingen, San Diego, CA, USA)
caspase-3 e
1% Triton X-100 )
Ac-DEVD-AMC 37 1 . ,
spectrofluorometer . 380
nm , 420 nm
5. (RT-PCR)

RNeasy mini kit (Qiagen, Santa Clarita, CA, USA)

RNA . 5 nmy RNA 2 ng random hexamer (Pharmacia, Uppsala,
Sweden), 2 M 10 mM dNTP (Boehringer Mannheim, Mannheim, Germany), 200U  M-MLV
reverse transcriptase (Gibco BRL) cDNA . cDNA template
4m  125mM dNTR, 0.25U  Taq polymerase (Perkin Elmer, Branchburg, NJ, USA),
primer 10 pmole therma cycler (Perkin
Elmer) > primer

. DcR1: 5-GAT CCC CAA GAC CCT AAA GTT-3, 5-GGT TTC CAC AGT GGC
ATT GGC-3'; DcR2: 5-AGG GAT GGT CAA GGT CAG TAA T-3, 5-GAT GTC AGC GGA GTC
AGC GTC A-3'; FasL: 5-ATG TTT CAG CTC TTC CAC CTA CAG AAG GA-3, 5-CAG AGA
GAG CTC AGA TAC GTT GAC-3;; b-actin: 5-CGT GGG CCG CCC TAG GCA CCA-3, 5-TTG
GCC TTA GGG TTC AGG GGG G-3. 94 30 ,56 30 ,
72 1 )



agarose gel
6. RNase protection assay

RNase protection assay (RPA) RiboQuant™multi-probe RNase protection assay kit

(Pharmingen) e hAPO-1, hAPO-2, hAPO-3, hAPO-3c
(Pharmingen) template set  template , 275 mM  ATR, GTR, CTP 100 nCi
[*P]-UTP (3000 Ci/mmol, NEN, Boston, MA, USA), 20 U  T7 RNA polymerase
[*?P]-labeled antisense riboprobe , RNA  [*P]-labeled antisense
riboprobe 56 16 hybridization . 20ng RNase A 50U
RNase T1 duplex RNA hybrid 8 M urea 6%
denaturating polyacrylamide gel , autoradiography
band densitometer (Bio-Rad, Hercules, CA, USA)
7.
Fas
22 250 U/ml IFN-g 36 , 0125% trypsin 0.5
mM EDTA .
. Bx 10° 1%
RPMI 1640 , anti-Fas DX2
(Cabiochem, La Jolla, CA, USA) 4 30 ,
2 . FITC goat anti-mouse 1gG (Becton Dickinson, Lincoln
Park, NJ, USA) 4 30 ,
1% paraformaldehyde ,
FACStar (Becton Dickinson) . WinMDI 2.8
ICAM-1
, anti-ICAM-1 84H10 (Immunotech, Marseille, France)
1.
1. IFN-g Fas-mediated apoptosis
IFN-g Fas-mediated apoptosis ,
250 U/ml IFN-g 36 , anti-Fas CH11
250 ng/ml 36 ,LDH apoptosis
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2. IFN-g Fas-mediated apoptosis . 250 U/ml
IFN-g 36 , anti-Fas CH11
250 ng/ml 36 . LDH
4
. IFN-g CH11 , 13
10% Fas-mediated apoptosis
, IFN-g CH11 SNU-354, SNU-387, SNU-423
3 20% Fas-mediated apoptosis
, 10 IFN-g 10%
Fas-mediated apoptosis , 10-20%
apoptosis ( 2).
2. IFN-g apoptosis
IFN-g Fas-mediated apoptosis ,
250 U/ml IFN-g 24 apoptosis
mMRNA . apoptosis Fas Fas
, bcl-2 family , Caspase family
, RPA . , IFN-g Fas
MRNA Chang liver, Hep G2, SNU-354, SNU-387, SNU-423, SNU-449, SNU-475 7
( 3A), Fas mMRNA densitometer
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3. IFN-g apoptosis 250 U/ml IFN-g 24 , RNA
apoptosis RPA . (A) FLICE, Fas, FADD, death receptor 3 (DR3), FAP, FAF, TRAIL, TNF receptor 1 (TNFR1),
TNFR1-associated death domain protein (TRADD), receptor interacting protein (RIP) ~ mRNA . (B) Fas mRNA RPA
Fasband  internal control GAPDH band densitometer . (C) Bcl-2 family
mRNA . (D) Caspase family mRNA

-11 -



....... . ........
 

....... . ........
- 11 -

....... . ........
A

....... . ........
B

....... . ........
C

....... . ........
D


, Chang liver, SNU-354, SNU-387, SNU-423, SNU-449, SNU-475

IFN-g Fas mRNA ( 3B). Fas
Fas MRNA IFN-g
. SNU-449 IFN-g FADD mRNA ,
SNU-398 FLICE FADD , FAF  FAP
, TRAIL mRNA
, bcl-2 family IFN-g MRNA
( 30). :
bcl-2 mRNA
Cagpase family PLC/PRF/5
IFN-g caspase-1 mMRNA , caspase-
1 mRNA ( 3D). Caspase-1
caspase IFN-g mRNA
, IFN-g MRNA apoptosis
, IFN-g Fas-mediated apoptosis SNU-354, SNU-
387, SNU-423
3. IFN-g Fas Fas-mediated apoptosis
IFN-g Fas mRNA ( 3A,
3B), Fas
250 U/ml IFN-g 36 , Fas
anti-Fas . Chang liver, SNU-354,
SNU-387, SNU-398, SNU-423, SNU-449  IFN-g Fas
, IFN-g ( 4A). SK-HEP-1, Hep G2, Hep
G2.2.15, SNU-475  IFN-g Fas , IFN-g
, SNU-182  IFN-g Fas
IFN-g , Hep 3B
PLC/PRF/5 IFN-g Fas
IFN-g Fas Fas-mediated apoptosis
, IFN-g Fas
IFN-g Fas
, IFN-g IFN-g
IFN-g Fas ( 4B).
, SNU-354, SNU-387, SNU-423, SNU-449  IFN-g Fas

-1 2.
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4. IFN-g Fas .(A) 250U/ml IFN-g 36
, DX2 anti-Fas
anti-Fas , IFN-g
Fas , IFN-g Fes - (B)
Fas . FfFo anti-Fas
anti-Fas
IFN-g F/Fo IFN-g F/Fo
, IFN-g Fas
1.5 , . 4
SNU-354, SNU-387, SNU-423 3 IFN-g Fas-
mediated apoptosis

-1 3.



IFN-g Fas-mediated apoptosis

IFN-g Fas
4. IFN-g Fas
IFN-g Fas-mediated apoptosis
IFN-g Fas
, IFN-g Fas Fas-
mediated apoptosis . ,
IFN-g Fas
, Fas . IFN-g
IFN-g
Fas
IFN-g
, IFN-g IFN-g
ICAM-1 . , IFN-g
a Fas Hep G2, Hep
2.2.15, Hep 3B, SNU-182, SNU-475 IFN-g ICAM-1
, IFN-g Fas SNU-
387, SNU-398 IFN-g ICAM-1
( 5). , IFN-g Fas

] w4
SMU-182 SMLU-38T

SNLU-ATS

5. IFN-g ICAM-1 . 250 U/ml IFN-g 36
, anti-ICAM-1
anti-ICAM-1 , IFN-g
ICAM-1 , IFN-g ICAM-1

-14.



IFN-g , Fas
5. IFN-g SNU-368 apoptosis
IFN-g Fas-mediated apoptosis
IFN-g , CH11 LDH ,
B
—0— SNU-368; cor
407 —a— SNU-368; IFN
Untreated —o— SNU-354; cor
= 304 —e— SNU-354; IFN
&
©
3 204
o
X
10-
IFMN-y
0 T i T T
0 12 24 36 48
SHU-354 Times
D . 0.20
25+
B
wo 154
< 20 %E o.
()
>
% 159 “;g 0.10-
O 104 2L
& Z2< 05
54 <
000 T T T T T T
Go 250 500 720 1000 0 12 24 36 48 60 72 84
Concentration of IFN-g (U/ml) Times (hrs)
6. IFN-g SNU-368 apoptosis. (A) SNU-354  SNU-368 250 U/ml IFN-g
4 , .(B) SNU-354  SNU-368 250 U/ml
IFN-g 36 , 12-48 (IFN-g 48-84
) LDH 4
.(C) SNU-354  SNU-368 IFN-g
36 , 36 IFN-g
LDH 4
. (D) SNU-368 250 U/ml IFN-g ,
Ac-DEVD-AMC 37 °C 1 )

spectrofluorometer
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SNU-368 CH11 IFN-g
SNU-368 , SNU-368 IFN-g
, apoptosis
SNU-368 IFN-g SNU-
34 .
SNU-354  SNU-368 250 U/ml IFN-g 4
, SNU-354
, SNU-368 ( 6A). IFN-g
SNU-368 kinetics , IFN-g
LDH , 60 SNU-368
( 6B). , IFN-g SNU-368
IFN-g LDH ,
IFN-g 250 U/ml plateau (
6C). , apoptosis caspase cascade IFN-g
SNU-368 SNU-368 IFN-g
caspase-3 , 48 caspase-3
72 ( 6D).
6. IFN-g SNU-368 apoptosis
IFN-g SNU-368 apoptosis IFN-g SNU-368
, IFN-g apoptosis
, SNU-368 apoptosis
, IFN-g  SNU-368 apoptosis
, SNU-368 250 U/ml IFN-g 24
apoptosis MRNA . ,
caspase family caspase-1 mMRNA ( TA),
bcl-2 family ( 7B). Fas Fas
Fas TRAIL mRNA ( 70). ,
IFN-g apoptosis SNU-368 , apoptosis
SNU-354
IFN-g SNU-368 Fas mRNA ,
IFN-g  FasL/Fas apoptosis &
SNU-368 IFN-g FasL/Fas apoptosis
SNU-368 IFN-g

-1 6.



(caspase 8)

=caspase 6

—caspase 5
= caspase 25

— caspase ¥

- caspase 1
Jcaspase 2L

caspase 9

L32

GAPDH

SNU-354  SHU-368 SNU-354 SMU-368 SNU-354 SNU-368
7. IFN-g  SNU-354  SNU-368 apoptosis . SNU-354
SNU-368 250 U/ml IFN-g 24 , RNA apoptosis
RPA . (A) Caspase family
mRNA . (B) Bcl-2 family mRNA . (C) FLICE, Fas, FADD, DR3, FAP, FAF,

TRAIL, TNFR 1, TRADD, RIP  mRNA

Fas FasL mRNA . , IFN-g
SNU-354  SNU-368 Fas ( 8A), Fas
mediated apoptosis FasL  SNU-368 ,
IFN-g apoptosis SNU-354 (
8B). , FasL IFN-g . , IFN-g
SNU-368 apoptosis  FasL/Fas
7. IFN-g SNU-368 TRAIL
IFN-g SNU-368 TRAIL  mRNA (
7C), IFN-g SNU-368 apoptosis TRAIL-induced apoptosis
, SNU-354  SNU-368 TRAIL mRNA
IFN-g . TRAIL TRAIL
apoptosis DR4 DR5 MRNA
, IFN-g ( 9A). , TRAIL

-1 7.
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8. SNU-354  SNU-368 IFN-g Fas Fas. mRNA
.(A) SNU-354  SNU-368 250U/ml IFN-g 36 , DX2 anti-Fas
anti-Fas
IFN-g Fas
IFN-g Fas . (B) SNU-354  SNU-368 250 U/ml IFN-g 12
24 ., RNA Fas. mRNA
. FasL mRNA anti-CD3
Jurkat (anti-CD3 Jurkat)
DR4 DR5 decoy
DcR1  SNU-354 , SNU-368
IFN-g SNU-354 ( 9B). decoy
DcR2 , IFN-g
SNU-368 SNU-368
IFN-g TRAIL , TRAIL DR4 DR5
apoptosis
8. IFN-g SNU-368 apoptosis TRAIL
, SNU-368 TRAIL-induced apoptosis
SNU-354 TRAIL-induced apoptosis
SNU-354  SNU-368 200 ng/ml TRAIL
MTT , SNU-368

-1 8.
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9. IFN-g SNU-354 SNU-368 TRAIL . SNU-354  SNU-368
250 U/ml  IFN-g , RNA RNA DR4
DR5 mRNA RPA ( A),DcR1  DcR2 mRNA
( B).
222 Untreated
100- % = I TRAIL 200 ng/ni
2
LS|
=
8 1
S
0
SNU-354 SNU-368 MCF7 HelLa
10. SNU-354  SNU-368 TRAIL-induced apoptosis 200
ng/ml TRAIL 24 ,
MTT . TRAIL 100%
4 .MCF7 HelLa

TRAIL-induced apoptosis
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0 100 200 300
Conc. of Fc fusion protein
11. SNU-368 DR4-Fc IFN-g-induced apoptosis
SNU-368 250 U/ml  IFN-g DR4-Fc Fas-Fc
. 36
DR4-Fc Fas-Fc 36
, LDH
SNU-354 ( 10).
SNU-368 IFN-g , TRAIL
DR4 DR5 DR4-Fc
, IFN-g SNU-368 apoptosis ,
DR4-Fc IFN-g SNU-368 apoptosis
(1. ,
Fas-Fc IFN-g SNU-368 apoptosis
, IFN-g SNU-368 apoptosis  FasL/Fas
9. IL-6 IL-8 Fas-mediated apoptosis
IFN-g cytokine
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Abstract

Effects of interferon-g on the apoptosis of human hepatoma cells
Eui-Cheol Shin
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(Directed by Professor Jeon Han Park)

Many tumors including hepatoma show resistance to Fas-mediated apoptosis, which is one of
the effector mechanisms in the host' s anti-tumor response, however, this resistance can be
abolished by interferon-g (IFN-g) treatment. IFN-g may sensitize Fas-mediated apoptosis in
severa different ways, but the exact mechanism in hepatoma remains unclear. In this study, the
effect of IFN-g on the susceptibility of hepatoma cell lines to Fas-mediated apoptosis was
investigated. The effect of IFN-g on the expression of various apoptosis-related genes such as Fas-
related genes, bcl-2 family genes, and caspase family genes was investigated. Although most of
the cell lines congtitutively expressed considerable amounts of Fas, all tested 13 cell lines were
resistant to Fas-mediated cell death. Interestingly, when cells were pretreated with IFN-g, 3 cell
lines (SNU-354, SNU-387 and SNU-423) became significantly susceptible to Fas-mediated
apoptosis. IFN-g aso increased the mRNA expression of Fas, TNF-related apoptosis-inducing
ligand (TRAIL) and caspase-1, and the surface expression of Fas in most of the hepatoma cells.
More interestingly, the strongly sensitized 3 cell lines showed a potent increment of cell surface
Fas expression after IFN-g treatment. These results suggest that a potent increment of surface Fas
expression is a major sensitizing mechanism of IFN-gin the Fas-mediated apoptosis of hepatoma
cells.

Among hepatoma cell lines used in this study, SNU-368 cells underwent cell death by IFN-g
treatment without Fas stimulation. Therefore, IFN-g-induced cell death of SNU-368 cells and its
molecular mechanism were investigated in more detail. During IFN-g-induced cell death, increase
of caspase-3 activity was observed. |FN-g also increased the mRNA expression of Fas, caspase-1
and TRAIL. In particular, IFN-g potently increased the mRNA expression of TRAIL. Among 4
TRAIL receptors, IFN-g did not change the mRNA expression of death-mediating TRAIL
receptors, DR4 and DR5, which were constitutively expressed in both cell lines. In contrast, the
decoy receptor, DcR1, was not expressed in SNU-368, and ancther decoy receptor, DcR2 was
congtitutively expressed, however, its expression level in SNU-368 was decreased by IFN-g. In
addition, exogenous recombinant TRAIL reduced viability in SNU-368 cells. From these findings
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it was speculated that TRAIL up-regulation and the subsequent TRAIL-induced apoptosis serve
as a mechanism of IFN-g-induced cell death in SNU-368 cells. To confirm this hypothesis, it was
demonstrated that soluble DR4-Fc fusion protein, a TRAIL pathway inhibitor, inhibited IFN-g-
induced cell death in SNU-368. These results demonstrated that IFN-g acts as an inducer of cell
death through TRAIL-induced apoptosis.

In this study, the effect of IL-6 and IL-8 on Fas-mediated apoptosis was aso investigated in
hepatoma cells. Contrast with IFN-g, IL-6 and IL-8 did not affect on the Fas-mediated apoptosis
in SNU-354 and SNU-368 cdlls.

In conclusion, IFN-g is able to make hepatoma cells susceptible to Fas-mediated apoptosis
through the up-regulation of surface Fas, and induce apoptosis in some hepatoma cells through the
up-regulation of TRAIL and subsequent activation of TRAIL-induced apoptosis.

Key Words: interferon-g (IFN-g), hepatoma cells, apoptosis, Fas, TNF-related apoptosis-inducing
ligand (TRAIL)
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