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to massive hepatocyte apoptosis and lethality, suggesting
that the hepatocyte is one of the most sensitive cell types
to Fas stimulation.” This model is considered to at least
partly mimic human fulminant liver failure.

Fas, upon ligation by Fas ligand, activates caspase-8
through the recruitment of Fas-associated protein with
a death domain and formation of the death-inducing
signaling complex (DISC)."* Whereas activated cas-
pase-8 directly activates effector caspases such as cas-
pase-3 and caspase-7 through the so-called extrinsic
pathway, leading to apoptosis in type I cells, it acti-
vates caspase-3/7 through the mitochondrial pathway
in type II cells. In type II cells, activated caspase-8
cleaves' the BH3-only protein Bid into its truncated
form, which in turn directly or indirectly activates and
homo-oligomerizes Bak and/or Bax to form pores at

the mitochondrial outer membrane, leading to the

release of cytochrome c. After being released, cyto-
chrome ¢ assembles with Apaf-1 to form apoptosomes
which promote self-cleavage of procaspase-9 followed
by activation of caspase-3/7 to cleave a varicty of cellular
substrates such as poly(adenosine diphosphate ribose)
polymerase (PARP) and finally to execute apoptosis.>’
Hepatocytes are considered to be typical type II cells,
because Bid knockout (KO) mice were reported to be re-
_sistant to hepatocyte apoptosis upon Fas activation.'®!"
Although Bak and Bax are crucial gateways to apoptosis
of the mitochondrial pathway, little information is avail-
able about their significance in hepatocyte apoptosis
because most traditional Bak/Bax double knockout
(DKO) mice (bak™ bax™'") die perinatally.u

In the present study, we tried to address this issue
by generating hepatocyte-specific Bak/Bax DKO mice.
We demonstrate that either Bak or Bax is required and
sufficient to induce Fas-mediated early-onset hepato-
cyte apoptosis and lethal liver injury. Importanty, even
if deficient in both Bak and Bax, Bak/Bax DKO mice
still develop delayed-onset caspase-dependent massive
hepatocyte apoptosis, suggesting that the mitochon-
dria-independent pathway of apoptosis, as observed ‘in
type I cells, works as a backup system when the mito-
chondrial pathway of apoptosis in the liver is absent.
This study is the first to demonstrate the significant
but limited role of Bak and Bax in executing Fas-
induced apoptosis in the liver.
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Materials and Methods

Mice. Heterozygous  Alb-Cre  transgenic
expressing Cre recombinase gene under the promoter
of the albumin gene were described.’® We purchased
Bak KO mice (bak™'7), Bax KO mice (bax '), and
Bak KO mice carrying the bax gene flanked by 2 /foxP
sites (bak™'™ ba™) from the Jackson Laboratory
(Bar Harbor, ME). Traditional cyclophilin D (CypD)
KO mice have been described.™ All mice strains that
we used were created from a mixed background
(C57BL/6 and 129). We generated hepatocyte-specific
Bak/Bax DKO mice (bak™"'~ bax™ % Alb-Cre) or he-
patocyte-specific  CypD/Bak/Bax triple KO mice
(gpd ™'~ bak™ bad™ Alp-Cre) by mating the
strains. Mice were injected intraperitoneally with 1.5
or 0.5 mg/kg Jo2 anti-Fas antibody (BD Bioscience,
Franklin Lakes, NJ) or intravenously with 0.25 mg/kg
recombinant Fas ligand (Alexis Biochemicals, San
Diego, CA) cross-linked with 0.5 mg/kg anti-Flag M2
antibody (Sigma-Aldrich, St. Louis, MO) to induce
apoptosis. In some experiments, mice were intraperito-
neally injected with 2 mg/kg necrostatin-1 (Sigma-
Aldrich) or 40 mg/kg Q-VD-Oph (R&D Systems,
Minneapolis, MN). They were maintained in a specific
pathogen-free facility and treated with humane care
with approval from the Animal Care and Use Com-
mittee of Osaka University Medical School.

Apoptosis Assay. Measurement of serum  alanine
aminotransferase (ALT) levels, hematoxylin and eosin
staining, and terminal deoxynucleotidyl transferase—
mediated deoxyuridine triphosphate nick-end labeling
(TUNEL) of liver sections have been described.’
Analysis of cytochrome ¢ release from isolated mito-
chondria have also been described.’® To detect DNA
fragmentation, 1.5 pg DNA extracted from 30 mg
liver tissue by Maxwelll6 (Promega, Madison, WI)
was incubated with 0.5 pug RNase A (Qiagen, Tokyo,
Japan) and separated by way of electrophoresis on a
1.5% agarose gel.

Western Blot Analysis. For western immunoblot-
ting, the following antibodies were used: anti—full-
length Bid, anti~Cox IV, anti—cleaved caspase-3, anti—
caspase-7, anti—caspase-8, anti—caspase-9, anti-PARP,
anti-Bax, anti-cIAP1, and anti-XIAP antibodies were

mice

Address reprint requests to: Tetsuo Takehara, M.D., Ph.D., Department of Gastroenterology and Hepatology, Osaka University Graduate School of Medicine,
2-2 Yamada-oka, Suita, Osaka 565-0871, Japan. E-mail: takehara@gh.med.osaka-un.acjp; Fax; (81)-6-6879-3629.

Copyright © 2011 by the American Association for the Study of Liver Diseases.
View this article online ar wileyonlinelibrary.com.

DOI 10.1002/hep.24305

Potential conflict of interest: Nothing to report.

Additional Supporting Information may be found in the online version of this article.

-1316-



242 HIKITA, TAKEHARA, ET AL.

obtained from Cell Signaling Technology (Beverly, MA);
anti-Bax and and-cIAP2 antbodies were obtained from
Millipore (Billerica, MA); anti-Bid antbody, which
detects truncated Bid, was generously provided by Xiao-
Ming Yin (Indiana University School of Medicine,
Indianapolis, IN)"; and anti-B-actin antibody was
obtained from Sigma-Aldrich. For isolation of the mito-
chondria-rich fraction, a Mitochondrial Isolation Kit
(Thermo Scientific, Rockford, IL) was used. The isolation
of hepatocytes from whole liver has been described.”

Detection of Bax Oligomerization. Liver tissue was
lysed with HCN buffer (25 mM 4-(2-hydroxyethyl)-1-
piperazine ethanesulfonic acid, 300 mM NaCl, 2%
CHAPS, protease inhibitor cockrail, phosphatase in-
hibitor cocktail, 100 uM BOC-Asp(OMe)CH2F [MP
Biomedicals, Solon, OHJ; pH 7.5). After the liver
lysate was sonicated and centrifuged, the supernatant
was collected and the concentration was adjusted. For
cross-linking, 100 pL of the lysate was incubated with
5 uL 100 mM bis(maleimido)hexane (Thermo Scien-
tific) and 5 puL 100 mM BS® (Thermo Scientific) for
30 minutes at room temperature as described.'® After
quenching the cross-linkers by way of incubation with
12 uL 1 M Tris-HCl (pH 7.5) for 15 minutes at
room temperatute, the lysate was boiled with sample
buffer followed by western blot analysis for Bax.

Electron Microscopy. Livers were fixed by perfusion
of phosphate-buffered saline with 2.5% glutaraldehyde
solution buffered at pH 7.4 with 0.1 M Millonig’s
phosphate, postfixed in 1% osmium tetroxide solution
at 4°C for 1 hour, dehydrated in graded concentra-
tions of ethanol, and embedded in Quetol 812 epoxy
resin (Nisshin EM, Tokyo, Japan). Ultrathin sections
(80 nm) cut on ultramicrotome were stained with uranyl
acetate and lead citrate and examined with an H-7650
electron microscope (Hitachi Lid., Tokyo, Japan) at 80 kV.

Statistical Analysis. Data are presented as the mean
+ SE. Differences between two groups were deter-
mined using the Mann-Whitney U test for unpaired
observations. The survival curves were estimated using
the Kaplan-Meier method and were tested by way of
log-rank test. P < 0.05 was considered statistically
significant.

Results

Bak Deficiency Partially Ameliorates Fas-Induced
Hepatocellular Apoptosis but Fails to Prevent Ani-
mal Death. First, to examine the significance of Bak
in hepatocellular apoptosis induced by Fas stimulation,
Bak KO mice (bak ") and wild-type (WT) litter-

mates (bak™'™) were intraperitoneally injected with 1.5
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mg/kg Jo2 anti-Fas antibody and analyzed 3 hours
later. Consistent with previous reports,'”® WT mice
showed severe elevation of serum ALT levels with mas-
sive hepatocellular apoptosis (Fig. 1A,B). Bak KO
mice also developed liver injury, but the levels of se-
rum ALT and the number of TUNEL-positive hepato-
cytes were significantly- lower in Bak KO mice than in
WT mice (Fig. 1A-C). Western blotting for cleaved
caspase-3, caspase-7, and PARP revealed that activation
of effector caspases were partially inhibited in KO liv-
ers compared with WT livers (Fig. 1D). Cleavage of
procaspase-9, which is initiated by mitochondrial
release of cytochrome ¢, was also suppressed in Bak
KO livers compared with WT liver (Fig. 1D). The
cleaved form of caspase-8, a direct downstream target
of Fas activation, was detected in both mice, but its
levels were reduced in Bak KO mice compared with
WT mice (Fig. 1D). This reduction may be explained
by the lesser activation of caspase-3/7, because it has
been reported that caspase-3/7 could activate caspase-8
through an amplification loop during apoptosis.”® Col-
lectively, these findings demonstrated that Bak defi-
ciency partially ameliorated Fas-induced hepatocellular
apoptosis associated with reduced cleavage of caspase-
9, caspase-3/7, and PARP. We then compared survival
of mice after Jo2 injection but found that Bak KO
mice also rapidly died with kinetics similar to those of
WT mice, suggesting that partial amelioration of hepa-
tocellular apoptosis induced by Bak deficiency did not
lead to survival benefit under our experimental condi-
tions (Fig. 1E). Because Bax residing in the cytosol
moves to the mitochondria upon activation, where it
undergoes oligomerization,”’ we analyzed its transloca-
tion and oligomerization in the liver at 3 hours after
Jo2 injection. Western blot analysis revealed that the
levels of Bax expression clearly increased in the mito-
chondrial fraction in both WT livers and Bak KO liv-
ers (Fig. 1F). Signals for the Bax dimer were also
detected in both livers (Fig. 1F). These findings indi-
cate that Bax is also activated after Fas stimulation,
raising the possibility of its involvement in hepatocel-
lular apoptosis.

Bax Deficiency Fails to Ameliorate Fas-Induced
Hepatocellular Apoptosis. Next, to examine the sig-
nificance of Bax in hepatocellular apoptosis induced by
Fas stimulation, Bax KO mice (bzzx_/_) and WT litter-
mates (bdx+/+) were injected with Jo2 and examined
3 hours later. There was no significant difference in
the levels of serum ALT or the number of TUNEL-
positive hepatocytes between the two groups (Fig. 2A-
C), which is consistent with a previous report.22 The
levels of the cleaved forms of caspase-8, -9, -3, -7, and
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Fig. 1. Bak KO mice are partially resistant to Fas-induced hepatocellular apoptosis. Bak KO mice (Bak”/ <) or control WT littermates (Bak™’ )
were analyzed at 3 hours after intraperitoneal injection of 1.5 mg/kg Jo2 anti-Fas antibody. (A) Serum ALT levels (n = 10 or 11, respectively). (B) He-
matoxylin and eosin (HE) and TUNEL staining of the liver sections. (C) Number of TUNEL-positive cells (n = 8 or 9, respectively). (D) Western blot
analysis for the expressions of cleaved caspase-8, 9, -3, -7 and PARP. (E) Bak KO mice or control WT littermates were intraperitoneally injected with
1.5 mg/kg Jo2 anti-Fas antibody (n = 8 or 11, respectively). Survival rates after Jo2 injection are shown. (F) Bak KO mice or control WT littermates
were analyzed 3 hours after intraperitoneal injection of Jo2 anti-Fas antibody (1.5 mg/kg) or vehicle. Left: Western blot analysis of the mitochondrial
fraction of the liver for the expression of Bax. Right: Western blot analysis for the expression of Bax monomer and dimer in the fiver.
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Fig. 2. Bax KO mice are not resistant to Fas-induced hepatocellular apoptosis. Bax KO mice (Bax™/~) or control WT littermates (Bax™ ")
were analyzed 3 hours after intraperitoneal injection of Jo2 anti-Fas antibody {1.5 mg/kg). (A) Serum ALT levels (n = 11 per group). (B) Hema-
toxylin and eosin (HE) and TUNEL staining of the liver sections. (C) Number of TUNEL-positive cells (n = 8 per group). (D) Western blot analysis

for the expressions of cleaved caspase-8, -9, -3, -7, and PARP.

PARP in Bax KO livers did not differ from those of
WT livers (Fig. 2D). These findings demonstrate that,
in contrast to Bak deficiency, Bax deficiency was not
able to inhibit Fas-induced hepatocellular apoptosis.
Bax Deficiency Completely Blocks Fas-Induced
Early-Onset Hepatocellular Apoptosis in a Bak-Defi-
cient Background. To examine the impact of Bax in a
Bak-deficient background, hepatocyte-specific Bak/Bax
DKO mice (bak™"™ baxl™?** Alb-Cre) and Bak KO
mice (bak™'~ bﬂxﬂ”x/ﬂox), which served as control litter-

mates of this mating, were injected with Jo2 and ana-

lyzed 3 hours later. We confirmed the hepatocyte-spe-
cific defects of Bax protein in Bak/Bax DKO mice by
way of western blot analysis (Fig. 3A). The serum ALT
levels of Bak/Bax DKO mice were in the normal range
and were significantly lower than those of Bak KO
mice (Fig. 3B). Liver histology and TUNEL staining
did not show evidence of hepatocyte apoptosis in Bak/
Bax DKO livers, in contrast to Bak KO livers (Fig.
3C,D). Taken together, these results indicate that Bak
and Bax are basically redundant molecules for execu-
tion of hepatocellular apoptosis induced by Fas
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Fig. 3. Bak/Bax DKO mice are fully resistant to Fas-induced hepatocellular apoptosis in early phase. (A) Westemn blot analysis of the indi-
cated fraction of the liver for the expressions of Bax. (B-D) Bak/Bax DKO mice (Bak™~ Bax"" Alb-Cre) or control Bak KO littermates (Bak™'~
Bax"") were analyzed 3 hours after intraperitoneal injection of Jo2 anti-Fas antibody (1.5 mg/kg). (B) Serum ALT levels (n = 10 per group). (C)
Hematoxylin and eosin (HE) and TUNEL staining of the liver sections. (D) Number of TUNEL-positive cells (n = 9 per group). :

activation, although the former appears to be clearly
required for full-blown apoptosis in vivo.

Fas Stimulation Leads to Late-Onset Hepatocellu-
lar Death Even in Bak/Bax Deficiency with Moder-
ate Caspase-3/7 Activation Without Mitochondrial
Disruption. To examine whether the inhibition of
Fas-induced rapid liver injury in Bak/Bax deficiency is
a durable effect, we analyzed the survival rate after Jo2
injection. The survival rate of Bak/Bax DKO mice was
significantly higher than that of Bak KO mice, but

approximately half of the Bak/Bax DKO mice died
within 12 hours (Fig. 4A). To examine the cause of
this late-onset lethality, we analyzed the serum ALT
levels and liver tissue 6 hours after Jo2 injection.
Unexpectedly, the serum ALT levels were highly ele-
vated in Bak/Bax DKO mice (Fig. 4B). Liver histology
revealed many hepatocytes with cellular shrinkage and
scattered regions of sinusoidal hemorrhage (Fig. 4C),
indicating that Bak/Bax DKO mice still developed
severe liver injury at this time point. TUNEL staining
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Fig. 4. Bak/Bax DKO mice develop late-onset severe liver injury upon Fas stimulation. Bak/Bax DKO mice (Bak™/~ Bax™" Alb-Cre) or control
Bak KO littermates (Bak™~ Bax™™) were intraperitoneally injected with 1.5 mg/kg Jo2 anti-Fas antibody. (A) Survival rate after Jo2 injection (n
= 11 per group). (B) Serum ALT levels of Bak/Bax DKO mice. (C, D) Hematoxylin and eosin (C) and TUNEL (D) staining of the liver sections of
Bak/Bax DKO mice 6 hours after Jo2 injection. Representative photomicrographs are shown. (E) Representative electron microscopy photomicro-
graphs of the livers of Bak/Bax DKO mice before and 6 hours after Jo2 anti-Fas injection (1.5 mg/kg) and control Bak KO mice 2 hours after
Jo2 anti-Fas injection (1.5 mg/kg). Right panels are enlarged images of the square area of each left panel. N, nucleus.
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body (1.5 mg/kg). (A) Western blot analysis for expression of cleaved caspase-8, -9, -3, -7, and PARP. (B) DNA laddering of the liver. (C) West-

em blot analysis for expression of IAP family proteins.

revealed many TUNEL-positive hepatocytes in the
liver sections. Of importance, electron microscopic
analysis revealed mitochondrial alterations (such as dis-
ruption of the membrane and herniation of the ma-
trix) in hepatocytes of Bak KO mice but not in hepa-
tocytes of Bak/Bax DKO mice with chromatin
condensation (Fig. 4E). Because some reports showed
that hepatocytes act like type I cells with a high dose
of Jo2 anti-Fas antibody and that anti-Fas antibody
does not always reliably mimic the action of the physi-
ological Fas ligand,”>** we also injected 0.5 mg/kg Jo2
or recombinant Fas ligand into Bak/Bax DKO mice.
Similarly, both injected mice showed severe elevation
of serum ALT levels and severe hepatitis with many
TUNEL-positive cells at 6 hours (Supporting Figs. 1
and 2).

To examine the kinetics of caspase activation and
apoptosis in the liver after Jo2 administration, we per-
formed western blot analysis for caspase activation and
agarose gel electrophoresis for DNA laddering. All sig-
nals for cleaved forms of caspase-3, caspase-7, and
PARP in the liver were clearly detected at 6 hours in
Bak/Bax DKO mice, although they were weaker than

those at 3 hours in control Bak KO littermates (Fig.
5A). Regarding the cleaved form of caspase-9, two
bands were detected at 3 hours in Bak KO liver, but
not in Bak/Bax DKO liver. Previous research estab-
lished that procaspase-9 has two sites for cleavage
upon activation: both Asp353 and Asp368 sites are
autoprocessed by caspase-9 activation after cytochrome
c release, whereas the Asp368 site is preferentially”
processed over the Asp358 site by caspase-3.%> In our
western blot analysis, the slow migrating species corre-
sponding to the fragment cleaved at Asp368, but not
the rapid migrating species corresponding to that at
Asp353, was weakly detected at 6 hours in Bak/Bax
DKO liver. This indicated that caspase-3—mediated
cleavage of procaspase-9 takes place without evidence
of cytochrome c—induced autoprocessing of procas-
pase-9. Agarose gel electrophoresis clearly detected oli-

- gonucleosomal DNA laddering at 6 hours in Bak/Bax

DKO livers, similar to our observation at 3 hours in
control Bak KO livers (Fig. 5B). Collectively, these
morphological and biochemical data support the idea
that hepatocellular death occurring at 6 hours in the
Bak/Bax DKO liver seems to involve apoptosis.
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Fig. 6. Fas-induced hepatocellular death in Bak/Bax DKO mice is
independent of RIP kinase and/or CypD. (A) Bak/Bax DKO mice
(Bak™~ Bax™" Cre) were intraperitoneally injected with 2 mg/kg
necrostatin-1 in vehicle containing 0.2% dimethylsulfoxide or vehicle
alone at 2 hours after injection of 1.5 mg/kg Jo2 anti-Fas antibody.
Serum ALT levels at 6 hours after Jo2 injection are shown (n = 8 per
group). (B) CypD™™* ° */~ mice in a Bak/Bax-deficient background
(CypD*/* °oF +/= Bak™/~ Bax"" Alb-Cre) or control CypD ™/~ litter-
mates (CypD™/~ Bak™/~ Bax"" Alb-Cre) were intraperitoneally
injected with 1.5 mg/kg Jo2 anti-Fas antibody. Serum ALT levels at 6
hours after injection are shown (n = 7 per group or 8 per group,
respectively). '

To examine the underlying mechanisms by which
caspase-3/7 was increasingly activated from 3 to 6
hours in Bak/Bax DKO mice, we analyzed the expres-
sion of inhibition of apoptosis proteins (IAPs), which
can block cleavage of procaspase-3, -7, and -9.%° The
expression levels of cIAP1 and clAP2 were not
changed in the liver after Jo2 injection (Fig. 5C, Sup-
porting Fig. 3). In contrast, the expression levels of
XIAP were up-regulated in the livers of both-Bak KO
and Bak/Bax DKO mice at 3 hours after Jo2 injection,
as in WT mice (Fig. 5C, Supporting Fig. 3), which is
consistent with previous reports.”” However, this up-
regulation disappeared from the livers of Bak/Bax
DKO mice at 6 hours. Repression of XIAP overexpres-
sion might explain why weak activation of capsase-3/7
gradually increased from 3 to 6 hours in the Bak/Bax
DKO liver.

Cell Death with Bak/Bax Deficiency Is Not De-
pendent on a Necrotic Pathway. Fas activation was
reported to induce not only caspase-dependent apopto-
sis but also caspase-independent necrosis, which is
required for receptor-interacting protein (RIP) ki-
nase.”® To exclude the possibility of this necrotic cell
death in the Bak/Bax DKO liver, we first examined
the effect of necrostatin-1, which specifically inhibits
RIP kinase to protect against necrotic cell death caused
by death-domain receptor stimulation.>*® Bak/Bax
DKO mijce were injected with 2 mg/kg necrostatin-1

‘at 2 hours after or 1 hour before Jo2 injection. The
ALT levels at 6 hours after Fas stimulation were clearly
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elevated without a significant difference between the
necrostatin-1 injection group and the vehicle injection
group (Fig. 6A and Supporting Fig. 4). We next exam-
ined the effect of CypD, which is a key molecule of
mitochondrial permeability transition generated by
Ca®" overload and/or oxidative stress leading to ne-
crotic cell death."**® We injected Jo2 into CypD ™'~
mice with a Bak/Bax-deficient background (¢ypd~ /=
bak™"™ baxl"* Alp-Cre) or control CypD™'+ o +/=
littermates (qypd™™ 7 ™7 bak™'™ b Alb-Cre).
The ALT levels of CypD/Bak/Bax triple KO mice
upon Fas stimulation were the same as those of control
mice (Fig. 6B). These results indicate that liver injury
in Bak/Bax deficiency induced by Fas stimulation was
not dependent on the necrotic pathway, at least that
mediated by RIP kinase and/or CypD.

Late-Onset Cell Death in Bak/Bax Deficiency Is
Completely Dependent on Caspase. Although cell
death observed in Bak/Bax DKO mice appears to be
apoptosis, the question arose of whether relatively
weak caspase-3/7 activity compared with that observed
in Bak KO mice is sufficient for inducing liver injury
6 hours after Fas simulation. To this end, Bak/Bax
DKO mice were given 40 mg/kg Q-VD-Oph, a
potent broad spectrum caspase inhibitor,”® 2 hours af-
ter injection of Jo2. Western blot analysis revealed the
existence of truncated Bid and cleaved caspase-8 in the
liver 2 hours after Jo2 injection, demonstrating that
caspase-8 had already been activated by this point (Fig.
7A). Administration of the caspase inhibitor at 2 hours
completely blocked the elevation of serum ALT levels
and hepatocellular apoptosis, as evidenced by liver his-
tology and TUNEL staining 6 hours after Jo2 injec-
tion (Fig. 7B-D). Finally, we tried to analyze the sur-
vival rate of Bak/Bax DKO mice and control Bak KO
mice when therapeutically injected with the caspase in-
hibitor 2 hours after Jo2 injection. None of the Bak/
Bax DKO mice showed lethal liver injury upon Jo2
injection, whereas half of the Bak KO mice died from
severe liver injury (Fig. 7E). These findings suggest
that Fas-induced liver injury in Bak/Bax deficiency was
dependent on caspase activity, which could be fully
negated by the caspase inhibitor. On the other hand,
caspase activation in Bak KO mice was to high to be
negated by the same dose of the caspase inhibitor.

Discussion

In the present study, we demonstrate that Bak KO,
but not Bax KO, provides partial resistance to Fas-
induced hepatocellular apoptosis in vivo. We demon-
strated previously that Bak KO mice, but not Bax KO
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hours after intraperitoneal injection of Jo2 anti-Fas antibody (1.5 mg/kg). Western blot analysis of the liver for the expression of cleaved cas-
pase-8 and truncated Bid (tBid). (B-D) Bak/Bax DKO mice were intraperitoneally administered 40 mg/kg Q-VD-Oph in 10 mL/kg dimethylsulfox-
ide (DMSO) or DMSO alone, as a vehicle, 2 hours after injection of 1.5 mg/kg Jo2 anti-Fas antibody and analyzed at 6 hours. (B) Serum ALT
levels (n = 6 or 7 per group, respectively). (C) Hematoxylin and eosin (HE) and TUNEL staining of the liver sections. (D) Number of TUNEL-posi-
tive cells (n = 6 or 7 per group, respectively). Because intraperitoneal injection of DMSO leads to injury at the surface layer of the liver, TUNEL
positivity close to the surface layer was excluded from the cell count. (E) Bak/Bax DKO mice (Bak™'~ Bax"" Alb-Cre) or control Bak KO litter-
mates (Bak™/~ Bax"") were given 40 mg/kg Q-VD-Oph intraperitoneally in 10 mL/kg DMSO or DMSO alone at 2 hours after injection of 1.5
mg/ kg anti-Fas antibody. The disease-free survival rate of lethal liver injury after Jo2 injection is shown (n = 8 per group).

mice, showed resistance to apoptosis induced by Bcl-
xL deficiency, which depended mainly on Bid activa-
tion.'® Research has shown that Fas induces apoptosis
in hepatocytes through the Bid pathway,'®'" and the
present study also demonstrates that Bid becomes
truncated in the liver upon anti-Fas injection. There-
fore, truncated Bid may preferentially activate Bak
rather than Bax in the liver. However, the present
study also reveals that, in the absence of Bak, Bax

plays an essential role in mediating the early onset of

hepatocellular apoptosis. The most important finding
of this study is that Bak/Bax deficiency failed to pro-
tect against the late onset of liver injury after Jo2 anti-
Fas injection as well as Fas agonist injection. Wei
et al,®* in their historical paper establishing the im-
portance of Bak and Bax in the mitochondrial pathway
of apoptosis, reported that hepatocytes were protected
from Jo2-induced apoptosis in traditional Bak/Bax
DKO mice (bat™'™ bax™'™). Because perinatal lethal-
ity occurs with most traditional Bak/Bax DKO mice,
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they could only analyze three animals, which did not
enable detailed analysis of cell death due to Jo2 stimu-
lation. The present study is the first to (1) thoroughly
examine the impact of Bak and Bax in the liver using
conditional KO mice and (2) demonstrate that Bak/
Bax deficiency can protect against Fas-induced severe
injury in the early phase but not in the late phase.

The late onset of liver injury observed in Bak/Bax
DKO appeared to be apoptosis based on biochemical
and morphological observations, including caspase acti-
vation, oligonucleosomal DNA breaks and, most
importantly, identification of cell death with caspase
dependency. In addition, the well-established necrotic
pathway mediated by RIP kinase and/or CypD was
not involved. However, the difference from apoptosis
observed in Bak KO mice was the absence of mito-
chondrial alteration or cytochrome c—dependent cas-
pase-9 processing in Bak/Bax DKO mice. We also
confirmed that Bak/Bax-deficient mitochondria were
not capable of releasing cytochrome ¢ in the presence
of truncated Bid (Supporting Fig. 5). These data sup-
port the idea that activation of the mitochondrial
pathway of apoptosis is fully dependent on either Bak
or Bax even in the late phase, indicating at the same
‘time that late onset of apoptosis takes place through
an extrinsic pathway rather than the mitochondrial
pathway. ’

Although hepatocytes are generally considered to be
type II cells, recent work has shown that the require-
ment of the mitochondrial pathway may be overcome
through changes induced by in vitro culture condi-
3534 or the strength of Fas stimulation.? Schiin-
gel et al.”® demonstrated that hepatocytes act as type
IT cells with a low-dose Jo2 injection (0.5 mg/kg) and
act as type I cells with an extremely high-dose Jo2
injection (5 mg/kg). This agrees with the generally
accepted idea that type I cells exhibit strong activation
of DISC and caspase-8, which itself is sufficient to
induce apoptosis, whereas type II cells exhibit weak
activation and therefore require amplification of the
apoptosis signal through the mitochondrial loop. In
the present study, we used 1.5 mg/kg or 0.5 mg/kg
Jo2 antibody, which could be considered relatively low
doses, and found that hepatocytes act like type II cells
in WT mice or Bak/Bax single KO mice but act like
type I cells in Bak/Bax DKO mice. The present study
therefore demonstrates that hepatocytes can act as type
I cells in the absence of Bak and Bax independent of
the strength of DISC formation or signals from
microenvironments.

The question arises  of why hepatocytes can act as
type I cells where the levels of DISC formation or cas-

tions

HEPATOLOGY, July 2011

pase-8 activation may be insufficient to induce acriva-
tion of downstream caspases. Recently, Jost et al.?’
reported a discriminating role of XIAP between type I
and type II cells; in type IT cells, the levels of XIAP
expression increased after Fas stimulation but decreased
in type I cells. In agreement with this report, XIAP
expression was up-regulated at 3 hours in both Bak
KO and Bak/Bax DKO livers. Interestingly, this XIAP
up-regulation disappeared at 6 hours after Jo2 injec-
tion in Bak/Bax DKO mice. Because XIAP is a potent
inactivator of caspase-3, -7, and -9 processing, repres-
sion of XIAP may be one reason why hepatocytes can
act as type I cells at this time point.

Previous studies have reported that liver endothelial
cells express Fas receptor and have suggested that apo-
ptosis of these cells may participate in the liver damage
in mice receiving Jo2 antibody, especially in the case
of high-dose administration.” However, we did not
find liver injury in the sinusoidal hemorrhage in Bak/
Bax DKO mice at 3 hours after Jo2 injection, which is
the time point when Bak KO mice developed it (Fig.
3C). Together with the fact that Bax, but not Bak, was
active in liver nonparenchymal cells in our Bak/Bax
DKO mice, as was the case in Bak KO mice (Fig. 3A),
we speculate that Bak-deficient sinusoidal cells could
not contribute much to liver injury at 3 hours after
Jo2 injection (1.5 or 0.5 mg/kg). ‘

Recently, a pan-caspase inhibitor was reported to
reduce hepatic damage in liver transplant recipients
and patients with chronic hepatitis C in clinical tri-
als.*®> For treatment of fulminant liver injury, caspase
inhibitors seem to be attractive drugs. However, the
present study demonstrates that Fas-induced apoptotic
signals could be efficiently amplified through the mito-
chondrial pathway, leading to high lethality even if cas-
pase inhibitor was administered 2 hours after Jo2
injection. In contrast, administration of the same dose
of the caspase inhibitor was able to fully block hepato-
cyte apoptosis and lethality in Bak/Bax DKO mice.
From a clinical point of view, when using caspase
inhibitors to prevent fulminant liver failure, concomi-
tant inactivation of the mitochondrial amplification
loop may be required. ‘

In conclusion, the extrinsic pathway of apoptosis
exists in hepatocytes and causes late onset of lethal
liver failure in the absence of Bak and Bax independ-
ent of the strength of Fas ligation. This pathway could
be therapeutically intervened through the use of cas-
pase inhibitors, presumably due to low levels of DISC
formation and subsequent weak activation of effector
caspases in hepatocytes. The present study unveils the

entire framework of the Fas-mediated signaling
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pathway in hepatocytes, placing the mitochondrial
pathway of apoptosis as a potent loop for amplifying
activation of the caspase cascade to execute complete
and rapid cell death in hepatocytes.
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VATV, 24 EREEE L 48 MRS S, eRVR ZELTE 2o
PRI 48 IS L 2 5. d) TLLUMINATE study &R0 B e)
REALIZE study @71 k 21— L. Genotype | T P/R iHHAEIRYL. n=
662. A B, COZBIC2: 2 1DLETT » 5 LLHD &4, 0
BIABEIC AT B BB & & o SVR. Relapser ; JHE# TG A v 2 BEHEAL
h i & PP L - SEW, Partial responders : HRHERFIZ 12T
Zdog Pl 4 W ARSRA L7z b oo, HEHRMETEE LTy 4 VA
PECd - 72 5EW, Null responders ; 12 BT 4 W AD 2og WA Lkh
AT

(38)
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study @71 b a— L #ikT (Figure le). X%
WEWIED H 5 Genotype 1 D&M C KT % 662
FITHAH. Genotype la H¥50%, 1b #Y50% T,

relapser 7% 53%, partial responder 2% 19%, Null

responder 23 28% T, 89% T v 4 b A & W
8000001U/ml L, EC, 26% @ BEIIIFHEL TH -
7o, WHBREIE T12/PR48 #EC 64%, T12/PR48
lead in T 66%, SOCHET1I7% TH o7z LA
DEFIIT 5 LIS TR 5 &, DEton
T O relapser ICB1F 5 SVR 12 T12/PR48 # ¢
83%, T12/PR48 lead in BT 88%, SOC #T 24%
TdH o7z, DL oG T partial responder (12
3T HCV RNA 2% 2log WK T4 5 4%, HEMHH
i LT HCV RNAPBETH -6 ?) I8
W, SVR i3 T12/PR48 #ET 59%, T12/PR4%
lead in T 54%, SOCHET 15% TH -7z, LIAl
DEHEIC Null responder T&Hh o 725EF (LT
BT 12 B DS 2log DL L HCV RNA 28KF
Lo 724EH) T, SVR X T12/PRA8IE T
29%, T12/PR48 lead in # T 33%, SOC #T5%
THot: (Figure 1f), &ML TR I
T ¢ ADVANCE study % ILLUMINATE study
& profile 12 b VI h o7z, F72 Lead in arm
72 3t i LC 48T HCV RNA 4% log B F
L7z &\ C SVR & BHIRNT T % & Relapser ¢
id HCV RNA 1llog &F (+) T94%, L < llog
KT (=) T62%, Partial responder Tid HCV
RNA log T (+) T5H9%, llogfkF (=) T
56%, Null responder Tl log & T (+) T 54%,
Hog KT (=) ©15% Tdh -7 Lead in D
LA FEMEASRIR S s
%%, Lead in phase %< Z &1L 0 BifE S
L7z Virological failure # 4> 245 & 9 Evi-
dence ZB LN Do/ L ) TH 5.

Boceprevir i+ 2011 4 5 A 13 HIZ FDA & b7k
a7z Phase III study i&, HHEEBRO LW
B L34 SPRINT-2 study™2%, H#EERO
& B BE XTI RESPOND-2 study 234TH 1L
72 SPRINT-2 study & genotype 1 @& C #Y
B4 1097 8 BET 7 U A% T AU H A 938 #,
T7YNFRT AU ANIIF) BRIz iThbRh

(39)

1191

720 BED 92% Ky A4 v R AT 400000IU/ml T
HY, W LOERE (F3/4) 119% Th - 7.
B OMEL Figure 22128 5 & { 3#EIzH
DT 7z, Ist Arm (3 48 WORIBEBEMBRTH 5.
2nd arm (& Lead in 4 7% Boceprevir #45- B3G5
HA4BELFROT v A4 THCV RNA 2V E BRI
Bt (GRAEBHIA 8 M5 24 H) OMEa13 28 BT
HH#E T B Y 5 Response-guided therapy T &
4. 3rd arm iE 4l lead in DB & 44 AR 3 #)
B e 2 47 9. SVR X SOC B T 13 38%,
Response-guided therapy §EfT# (Triple therapy-
RGT #) TiL63%, 3FIBHZ 48 MF Tro 7z
B (Triple therapy-48 M%) Tl 66% TH - 7z
(Figure 2b). Lead in phase (128F 5% ))& T HCV
RNA 2% llog T L7cadnd, E7 70 4%T
A AN Non-AA) 2T 7V HAFZRT AV H A
(AA) D 2 DDET- TR %179 &, Non-
AA T SVR iZ, lead in phase T llog & F L 7%
7o 72 fE B T L SOC B T 5%, Triple therapy-
RGT # T 29%, Triple therapy-48 # ¥ T 39%
Tdh -7, Non-AA Tlead in phase T llog kL L
AN ZEMMRT USRS T, SVR & SOC ##
T 52%, Triple therapy-RGT B T 82%, Triple
therapy-48 M # T 82% T dh » 7. AAT 7 A
o A HE ¥ lead in phase Tllogf&F L %4 & o
727 — 7T @ SVRIE SOC# T 0%, Triple
therapy-RGT # T 25%, Triple therapy-48
BEC31% Td o 7z, AA Tlead in phase T
ANV A8 log BLEART L 72 #EHI T SVR I
SOC #:T 46%, Triple therapy-RGT T 67%,
Triple therapy-48 MHEE T 61% Td - /2.

SPRINT-2 study @ & £ & V Triple therapy-
IR DNE & L7z, Boceprevir DB <,
Boceprevir # R A Z &I L Y Bl D5 £
BWINT A%, FODIEBRORMIIES S 7r—
AlFENTH o7

RESPOND-2 study &, SPRINT-2 & #H4 @ 3
arms D70 b I — VR BRERD S BB C R
48 403 B2 4T - 72 study T A (Figure 2¢).
INHOIEBIO D LRITAEIE T 5 B 2% re-
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1192 HARMARERMRE H108% $7%

d b
o
=
(73]
]
A B C
C d

[} PegiFNa2b/B RGT B pegiFNu2b/ B

-
;3:’ g PeglFNG2b/B 75
n:‘ orvier
> |
T
. S i
i I 1 [u}
4 e |
0. weeks 8 * ‘

Non-responder Relapser

Figare 2. a) SPRINT2 study @70 ba— . Genotype 1 #0EIHHE).
n=1097. PRI ¥ —7T ey ath, R:UNEY X, B Boceprevir,
Genotype 1 O 7' % 4 7 & baseline viral load &8 O AT LT, 3B
WLl s i # o oA B b) SPRINTE study @ & BE ) SVR. ¢)
RESPOND-2 study o> 77 b a—ib, Genptype 1°CP/REHEEERF (Null
res‘ponrcr R ). n=403. WESHCHT DG S genotype | OV TV A

FEAODMTETPELC A B COSMI1:2: 25 v ¥ ail¥y i
v,}'/ﬁ), &) RESPOND-2 study D&MD SVR. o) N¥Ar y—7 201> 022
ENRE Y ¥ & Boceprevir O HIRRE XV v =T ala LN
VU B E LRSI A 2 b T — . Genotype 1 THIERRICN TS
B IEAY non-responder & relapser 88 & L null responder i F i, f)
TR RS 33 % FOSP% @ nonresponder & relapser {24343 A &, SVR
% RESPOND-2 ORI AT I

lapser D3 DA64% % 5%, non-responder (12 WEFER L L TwhWwd null responder 13& F 1
HE TIZ 2log Pl HCV RNA DMETF3 2500 TWwiv, SYRZIBTIWT 5 & SOCH
w258 U T HCV RNAD BT Cdh - 727 T 21%, Triple therapy-RGT # ¢ 59%, Triple
N—"T) B D 36% THAH, SEHOMEIZIE therapy-48 M #: T 67% &, Boceprevir # ¥ 5 L

(40)

Presented by Medical*Online

-1332-



234 7

C2WTSOCH L Y BEEIZSVRSE b o 72
(Figure 2d). WIWEHEICH T 2 BUS CHEE & BRI
T 5 &, BT A RS 2% Non-responder
TdH o TERI Tk SOCFET 7%, Triple therapy-
RGT B T 40%, Triple therapy-48 # # T 52%

T oz HIHBICRT 5 BUSA relapser TdH o
JHEFIC BV Tid, SVR 1 SOC #C 29%, Triple

therapy-RGT # T 69%,
T 75% T&H 7. Lead in phase 24 5 B
THERZENTHE, Lead in T4 IV ABOW
L Nog kil TdH o 72 % B O SVR IE, SOC
#T 0%, Triple therapy-RGT #T 33%, Triple
therapy-48 B T 34% TH o 7=,
T A NVZADWAN 1og PLLd 5

Triple therapy-48 # #if

Lead in phase
JE B T3 SVR

#%, SOC # T 26%, Triple therapy-RGT #if T
73%, Triple therapy-48 B&E T 80% TH - 7z,

HEBRBIZLDEBEOFWIE SOC BT 3.0%,
Triple therapy-RGT BT 8.0%, Tnple therapy-48
HRET120% TH o7z, BEFLDH B T Boce-
previr BEHIZ £ 0 HE & A28 Lf:@ M &
R RE TH o7z, SPRINT-2 B & U RESPOND-
2 @ SVR % 1L-28B OMMTHERAGE o TR B AT
T 5 &, ¥4 SPRINT-2 Tld CC #C Boceprevir
PEHASSVR Z [ L &2 O 5 OFh R bR &
o 7oH, CTHEE TT B ¢t Boceprevir
OPHIZE YSVRO M E2TRD & 1t
RESPOND-2 Ci& 3# & & Boceprevir §f JH 12 &
D SVR Dk EAERD & sz,

RESPOND-2 study & BRIz C BIFLERE
THIE IS X 9 5 KIS 2% Non-responder & re-
lapser X5 & L CAH ¥ A%E Boceprevir Dl
AL ERE L study @702 b 32— )b xR
4 (Figure 2e)®. X4 ¥ 2% . Boceprevir *

¥ > (P/B/R) D 3 HIDFH#ET SVR X 64% T

SOCHETIE21% TH o7, BIREORETHEY)
3 % & Relapser T X SVR I3 P/B/R B T 70%
THY, SOCE T28% TH » 7. F 72 Non-
responder C tX SVR & P/B/R B T2 47% T &
D, SOCHTIZH% THolz., TOFERIEIT
4 v hay% Huw iz RESPOND-2 & i3z %E0
R THol (Figure 2f).

N

(4D

1193

2. TuyrFT—EAL ey —H200k

mﬁ BERDRE T HETR Oy A 7T
77— ERHEEE LT TMCL3 238 5 h
L. ZOHEFNIE I A0 LR LY L H 1R
OGP RGN T 7 T —CHE
HTHDH, ZOHELHIEOEEBLEL Te-
laprevir % Boceprevir & 45 & a2 75 4
TUYADRTIEWICKELRFETH S, 2010 %F
O AASLD TIRERERO 2 W81 C BIFF&H
§ A PILLAR study @ s $4 &™ 2011 £
EASL CH#EEBRO D 581 CBFRIIH T
ASPIRE study O BT DSEE S NP, &5
7 b a— Vit Figure3a, clZRLzTE L%
O arm DB TH B8, ifstudy & i
BRE DY L <, PILLAR study T34 5 5k 24
O BFEGE (—EE ETR) & 24 HTRT U72gE
BlO—ED SVR 12 M TDF— & ThrIH, I

FICERICY AV AREEL T 5 (Figure 3b).
ASPIRE study T & 24 8 o B B T @ TMC435
150mg 58 & SOCHDBENTTH B A%, HiRE
239 A G A% null responder TdHh - TH 71~
93% L BEIZT A VAPHEELTWS
3d).

FOMmOE 2 R T T T —EHEEE LT
i, 1H 1AHRSATRRN=) VI —A V7
NA B BI201335 & RA Y AV - agAvE
O 3FIHOWER T, BEEBROD 5 genotype
1 OB C BT R L TIT o T 7% jhR
MTHI2BEOHRE (SVRI2) = A5 &, BiEE
V2R A RS A Null responder @ % T b kK
T387% DSVRAERSINIb DD, £FETIH
breakthrough 7% 20% Ll EOBEHHE T b,
genotype la TEXEHEICTESBI D RT o
Tl hnwhrEEL NS, FEHSE L TIIERE
D) NE v EH EABEREE R S Tw
A, F7293% OBFEDAFERIZLD BI201335
DG ERIEL TS, ZOMO% 20T o
F 7 —YHEHR E LTk Danoprevir XA & O
Ritonavir » <& ¥ A%« a_XF 2%k @ 4 F| 94
BREDVLEBITHET ST w b (Figure 3e)®.
Ritonavir (d HIVO 7 u 57— ¥ HEH & L C

(Figure
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FIACTH LR 4Rk BI108% $ 775
a b , .
B #
100 A BB uC D OE
90
P4
z
@
S
I
e
]
-4
Week 24  SVR4 SVR12
c d
G B s F
A —
B 4
Z
C ©
£ .
- ; p Null Partial
0 12W€eks 4 48 ‘ responders responders Relapsers
e

g
B Genotype la [Genotype 1b

Genotype 1a (n=8)
Genotype 1b(n=16) =T S 5
F 5
£ g
: g
z [¢]
n
B g &
- i [
=~ 2 4 12 2 4 12
0 12 48 weeks weeks
weeks :

Figure 3. a) PILLAR %tudx D70 b=, TMC435 BB 5
HE (75 or 150me) & ¥4 (28, 48 M) o N8I
benmﬂm 1 O@HE BB n-32~,€> eRVR % 30 L 229 B ib el A3
2458, b) PILLAR  study O® TR 24 M T A4 v 2B
Ry UMTERTLABREOLNH ld W H o SVR. ) ASPIRE
study O 78 b T — b, TMCA3S #5123 2 M (100 or 150mg) &
P (12, 24, 48 W) ovipsgillk. #HEE Genotype 1 O P/R M
Hem). n=462. d) ASPIRE study @ﬁ.‘s:ﬁﬂ&fﬁ% TMC435 150mg #49-4F
@ 24 WTOME. e Danoprevir (DNR) & low dose ritonavir (r)
RTL vy =T a0y a2a &N OO IERE SRR
mull responder O3E#l. Genotype la 8 #l, genotype 1b 16 1. ) ITT
(Intention to treat) TO 2, 4. 12 By £ 0 AEEALE, g) ITT TH 2
4, 12 3@ 4 N A0 Breakthrough 3.

TAMBEEINLERTCHDLH F I O— AP 3 % K eAS null responder [R5 2 4 FIGFHERE

450 CYP3A4 DR FEMEA A b, P HEEH O PK s ﬁ‘ 5 &, &5 B kA 1280 T genotype la T

mmm%%@ﬁéﬁﬂﬁﬁé>meﬁﬁfu 50% DBEE TR O 4 N A BRI

VAE i
HH (VB 7) “/f)’ﬁiiif 18N TWwd, BiERECxT 72 (Figure 3f). — 5 genotype 1b T {3 88%

/L8 O Ritonavir & M 272 T b 73\ # o 50% T breakthrough 293 % &

(42)
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SERE234E 7 B

DBETIRD T A VAP ERELLTICAD
breakthrough SO LN DIX 1 PIOATH -
72. Genotype la TiZ RI55K @ mutation (AGG
B AAG~ TR E D EAL) 28 genot’ype Ib &

b(aﬁﬁ%Aaw@ﬁﬁm%ﬂ> EXT
(P, ZORE TS RIG5K 2 RASHH A P
b ﬂ Fig 9 5 2 LR S, genotype la

DFEIFRICIIH /2% DAA B A B 0BG &
n<
3. Ky X T —VHEFE
R AT —VHEEGIEEOTF s LTHE
HYAMEBROKR) A9 —FHEE (ND) &,
FY X T —CORE %(I%I’HJ’U;: oy 7 S
ﬁmﬂ&fﬁ%b DR X5 — %H%%
(NND o KBl s b, ma‘% IXsVLFYFER
7»&%%%&9&% AR ED 4 HFTOE
R (NNI1~4) 2535, K 25 —EHERE
INFET, R )EEISho TIHEENTE
TWAY, BVEH RO E L LTRSS IR
Ll ol:b DA% { phase [IIIEATWE LD
ES/SR
2009 4F @ HEPDART T, IDX184 1T %
o4 -—’T“ vy ML 7u KTy 7 ¢, N To
) R A D = 7Aﬁ(H?%hfﬁ\
201()@@9}33 BRSO FDA BT 1L
HENTWE, FDOLD Z}r«l}u TTHEER-TE
e DR X T — VI ESE DR G
DHENTWE, X7 VF Y F7PFasoR) A
I —EHEH T, RBFEOEM C BT 2% (geno-
type 1/4) 166 #l%& xf412 LT, RG7128 (Mericit-
abine) ENRF A vy —7 - YY) V24

2273
Ry 0y

Wb &, R vy —T7zay - YL » 48
Wz (SOC ) DIEME D ThN7: (Figure

4a) (JUMP-C study)®. 24 BOW T RGT128 B
H#ECiIE 1% (74/81) T4 VADHEEL, —
77 SOC ¥ T2 62% (53/85) Td - 72. eRVR
(& RG7T128 T T2 60% (49/81) T, SOC#*
T 13% (11/85) THh o7z (Figure4b). 128
FT?HSVR (SVRI2) DWW TIFHE Sz

HTHHM eRVR R L-EED 76% (37/
49) THY, RPREMRPLZVOPRNNY R LT

(43)
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AThHbE, 7224 AOERE T IL28B 2 CC T
L, non-CCTL, T4 NADMERITIZIZED
Thols, 5HMBODAA EDBELERSL 3
WE 2 UF s B 8ACch s, 7 - o s B

A — 71 — @ Pharmasset 7* 5 &, PSI[-7977 (NI)
(200mg/day & 400mg/day) &XFA V5 —7 =«
Iy - YN DIFFERE, XS4 VY —
7oty ) NEN Y 3EEO LERE A 121 61
@ genotype 1 DM C BTS2 7R IZfTbT
WAP BIE 4 L 12 O FE BT O g T O
AT H B A, PSIT977 % 58 TIE RVR 13 98%
T, cEVR (X 100% T & 5. K & T d break-
through & % C EELREWEH O VO T, 7oF
7=V HEELZOMRPPFEN T L, T2
PSI 7977 VA BB ORE Tid & 5 genotype 2/
ZHRIEEORLY A WV ATEWE TR LA X

i”L T 5%, NNI A T in vitro TSI 28T
27 A v AGEPEE 7 Tegobuvir 2%, RIEHO 252
lo@t CHRFRZ MR E LTV RY
H 2RO A8 WG ORI R L NV R, T
AH 2 Tegobuvir @ 3 # @ 48 WL & 3 FIHE
M@ Response-guided Therapy @ 3 arms O 7 1
b2 VTR SN, BELAS 3FPHH %

5T SVR O LIS - 27 &
1, Tegobuvir i multidrug combination ther-
apy O 1 DOIEHE LCiERr RnZehili v
HELIAHTHAHD.

4. NS5A FHEHE2

NS3A I HCV @ replication complex OH D 4
HORTFTHY, FMRAOBRERES, Lbb
A vy —7 20y OGRS B R
R EN TS, NSSA L3 DOME N X 14 vz
St B A% Domain THE 2B AT E S RNA &
OFEE, In L ORI THEHE L, NSHA HE I X
COFIIAERT A EEZ 6T ED, Lk
KR W AN T B B, NSSA FHE F I in vitro D
study TE¥ 3 €4 — ¥ — CHBHITIERO &
LM TH D™ B BMS @ Phase Jatx 2o
fFhhThBh, T BMS790052 (3mg, 10mg,
60mg) ENRF A4 vE -7y YREY 3
Hxfagbt 8 #liEs% X4 vy —Tx

ot AN
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