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Fig. 5. E6AP-dependent ubiquitylation of annexin A1 protein in vivo and in vitro. HEK 293T cells (1 x 10° cells/10-cm dish) were transfected with 1 j.g of pCAG annexin-
FLAG together with 2 pg of plasmid encoding EGAP as indicated. Each transfection also included 2 p.g of plasmid encoding HA-ubiquitin. The cell lysates were
immunoprecipitated with FLAG beads and analyzed by immunoblotting with anti-HA PAb (A) or anti-FLAG PAb (B). The Western blot shows the presence of a ubiquitin
smear. The arrow indicates annexin-FLAG. 1B, immunoblot; IP, immunoprecipitation. C: In vitro ubiquitylation of annexin A1 by EGAP. For in vitro ubiquitylation of annexin A1
protein, purified GST-annexin A1 was used as a substrate. Assays were done in 40-| volumes containing each component as indicated. The reaction mixture is described in the
Experimental Procedures. The reaction mixture contained 1 mM CaCl,. The reaction was terminated by addition of SDS-PAGE loading buffer and followed by immunoblotting
with anti-GST PAb. The arrow indicates GST-annexin A1. Ubiquitylated species of GST-annexin A1 proteins are marked by brackets.

In the present study, we have identified annexin Al as a novel
substrate for E6AP using four lines of evidence: (1) EGAP bound to
annexin Al in vivo and in vitro; (2) overexpression of E6AP
enhanced proteasomal degradation of annexin Al in vivo; (3)
knockdown of endogenous E6AP by siRNA resulted in the
accumulation of endogenous annexin Al in vivo; and (4) E6AP
enhanced the polyubiquitylation of annexin A1 in vivo and in vitro.
These results provide evidence that EGAP mediates the ubiquityla-
tion and proteasomal degradation of annexin Al. We have shown
that E6AP bound to annexin Al only in the presence of Ca** and
that these interactions were enhanced by increasing concentrations

of Ca®". Annexin A1 was polyubiquitylated by E6AP only in the
presence of Ca’*. Chelating Ca** with EGTA inhibited E6AP-
mediated polyubiquitylation of annexin Al. The E6AP-binding
domain on annexin A1 was mapped to the core domain, especially
the annexin repeat domain III. These results suggest that the
conformational change of annexin A1l induced by Ca®* binding
allows E6AP to bind to annexin repeat domain III of annexin A1 and
to mediate its ubiquitylation and degradation.

Post-translational modifications, such as Ca®' binding, phos-
phorylation, and lipidation, have roles in the regulation of annexin
ALl. Solito et al. [2006] showed that the translocation of annexin A1
from the cytoplasm to the cell surface is regulated by phosphoryla-
tion and lipidation. Annexin A1l is phosphorylated by several
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E6AP mediates ubiquitylation of annexin A1 in a Ca®"-dependent manner. A: In vitro binding of annexin A1 and E6AP. Immobilized GST-EGAP or GST alone was

incubated with purified His-annexin A1 in the presence or absence of 1 mM CaCl, in the binding solution. Immunoblotting to detect bound annexin A1 was performed using
anti-annexin A1 antibody. B: Ca?* -dependent interaction between annexin A1 and EGAP. The GST pull-down assays described in (A) were repeated in the presence of increasing
concentrations of CaCl, in the binding solution as follows: lane 1 (0 M), 2 (10 M), 3 (100 M), 4 (250 p.M), 5 (500 M), 6 (750 M), 7 (1 mM), 8 (2.5 mM), and 9 (5 mM).
C: For in vitro ubiquitylation of annexin A1 protein, purified GST-annexin A1 was used as a substrate. Assays were done in 40-p.| volumes in the presence or absence of 1 mM
CaCl,. The reaction mixture is described in Materials and Methods Section. The reaction was terminated by addition of SDS-PAGE loading buffer and followed by
immunoblotting with anti-GST PAb. Arrow indicates GST-annexin A1. Ubiquitylated species of GST-annexin A1 proteins are marked by brackets. D,E: The in vitro ubiquitylation
assays were performed in the presence of various concentrations of EGTA in the reaction mixture containing 1 mM CaCl,. The concentrations of EGTA were as follows: lane 1
(0 mM), 2 (0.1 mM), 3 (0.5 mM), 4 (1 mM), 5 (5 mM), and 6 (10 mM). D: Immunoblotting to detect whole polyubiquitylated proteins with anti-ubiquitin MAb. E:

Immunoblotting to detect polyubiquitylated GST-annexin A1 with anti-GST PAb.

protein kinases, such as epidermal growth factor receptor protein
kinase, protein kinase C, and hepatocyte growth factor receptor
kinase to mediate proliferation [Lim and Pervaiz, 2007], suggesting
that phosphorylation plays some roles in the regulation of
annexin Al function. The findings presented in this study suggest
that the ubiquitin-proteasome pathway plays a role in the regulation
of annexin A1l function. Our data also suggest that E6AP
preferentially recognizes the Ca**-binding form of annexin A1l
and targets it for proteasomal degradation. The main biological
property of annexin Al is the binding to the phospholipid
membrane in a Ca®>*-dependent manner [Lim and Pervaiz, 2007].
X-ray crystallography studies of annexin Al have suggested
that a calcium-driven conformational switch of the N-terminal and
core domains of annexin Al involves the membrane aggregation
properties of annexin Al [Rosengarth et al, 2001; Rosengarth
and Luecke, 2003]. It will be intriguing to examine the role of
E6AP in membrane aggregation. Further investigations will be

required to elucidate the role of E6AP in the regulation of annexin
Al functions.

Targeting of a substrate via the ubiquitin system involves specific
binding of the protein to the appropriate E3 ubiquitin ligase. There
are several modes for specific substrate recognition, such as (1) NH2-
terminal residue (N-end rule pathway), (2) allosteric activation, (3)
recognition of phosphorylated substrate, (4) phosphorylation of E3,
(5) phosphorylation of both the ligase and its substrate, (6)
recognition in trans via an ancillary protein, (7) abnormal/
mutated/misfolded proteins, and (8) recognition via hydroxylated
proline [Glickman and Ciechanover, 2002]. E6AP specifically
recognizes active forms of BIk, indicating that tyrosine phosphor-
ylation of the regulatory tyrosine of Blk plays a role in specific
substrate recognition [Oda et al., 1999]. Here we propose a novel
mechanism of specific substrate recognition in the ubiquitin
system, in which E6AP recognizes annexin A1 via a Ca**-induced
conformational change. E6AP plays a direct catalytic role in the
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final attachment of ubiquitin to substrate proteins. Our findings
suggest that Ca**-induced conformational change of annexin Al
may function as a degradation signal for annexin Al.
Ubiquitylated annexin A2 is enriched in the cytoskeleton fraction
of mouse Krebs II cells [Lauvrak et al., 2005]. It remains unclear
whether the ubiquitylated annexin A2 is degraded by proteasome.
The apical membrane localization of Nedd4, a member of HECT-type
ubiquitin ligases, is mediated by an association of its C2 domain
with the apically targeted annexin XIIb [Plant et al, 2000].
However, it is unknown whether annexin XIIIb is a substrate of
Nedd4. To our knowledge, this is the first study to identify a specific
E3 ubiquitin ligase for the ubiquitylation of an annexin family
protein. All annexins share a core domain composed of four similar
repeats, each approximately 70 amino acids long. Each repeat is

composed of five a helices and usually contains a characteristic
type-2 motif for binding calcium ions with the sequence GxGT-[38
residues]-D/E [Moss and Morgan, 2004]. The core domains of most
vertebrate annexins reveal conservation of their secondary and
tertiary structures despite the presence of only 45-55% amino-acid
identity among individual annexins [Moss and Morgan, 2004]. It
will be required to investigate whether other annexins are regulated
by E6AP or other E3 ubiquitin ligases.

E6AP is hijacked by the HPV16EG6 to target the tumor suppressor
p53 in cervical cancer. Moreover, E6AP is mutated in Angelman
syndrome and mediates ubiquitin-dependent degradation of HCV
core protein, suggesting that E6GAP plays important roles in sporadic
and hereditary human diseases including cancer, neurological
disorders, and infectious diseases [Kishino et al., 1997; Scheffner
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and Staub, 2007; Shirakura et al., 2007]. Physical and functional
association of E6AP with viral proteins, such as HPV16E6
[Huibregtse et al., 1993b] and HCV core protein [Shirakura et al,,
2007], have been demonstrated. It is possible that the viral proteins
redirect E6AP away from annexin Al, increasing the stability of
annexin A1, and thereby contributing to viral pathogenesis. It would
be interesting to investigate whether these viral proteins affect
E6AP-dependent degradation of annexin Al. The association of
E6AP with the viral protein (HPV16E6 or HCV core protein) could
provide a feasible target for molecular approaches in the treatment
of cervical cancer or HCV-related diseases.

In conclusion, we have demonstrated that EGAP interacts with
annexin A1 protein and mediates its ubiquitin-dependent degrada-
tion. We propose that EGAP may play a role in regulating the diverse
functions of annexin Al protein. Identification of the specific E3
ubiquitin ligase may provide a link between the annexin family
proteins and the ubiquitin-proteasome pathway. Elucidating the
regulation of annexin A1 may provide a novel clue in the treatment
of the E6AP-related diseases.
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A single substitution within the hepatitis C virus core antigen sequence, A48T, which is observed in ~30%
of individuals infected with genotype 2a virus, reduces the sensitivity of a commonly used chemiluminescence
enzyme immunoassay. Quantitation of the antigen is improved by using a distinct anticore antibody with a

different epitope.

Hepatitis C virus (HCV) is a major cause of chronic liver
disease throughout the world. Accurate diagnosis of HCV in-
fection is important due to the morbidity associated with the
virus, and determining the level of viral replication is important
in predicting and monitoring the effect of antiviral treatment.
Although quantifying viral RNA represents the standard
method for identifying active infection (5, 8, 13), several sen-
sitive immunoassays that detect the viral core antigen (Ag)
have now been developed as an alternative to HCV RNA
testing (3, 4, 6, 9, 10, 12, 16). The amino acid sequence of the
core Ag is largely conserved among different viral isolates (14);
however, genetic variability of the virus constitutes one of the
major challenges to using core Ag assays for diagnosis. In this
study, we examined the effects of sequence heterogeneity on
the sensitivity of diagnostic kits for detection of the core Ag by
using recombinant Ag derived from each of the major HCV
genotypes. Expression plasmids for epitope-tagged core Ag
were generated by inserting cDNA for the full-length core
region of genotype 1a (17; GenBank accession no. AF011751),
1b (1; D89815), 2a (7; AB047639), 2b (AB030907), or 3a virus,
with a FLAG tag sequence attached at its 5' end, into the
EcoRI site of the pCAG mammalian expression vector (11).
HEK293T cells transiently transfected with the expression
plasmids were harvested 48 h after transfection using a passive
lysis buffer (Promega, Madison, WI). Centrifugation was per-
formed to remove the debris after ultrasonication. Total pro-
tein was quantified in aliquots of cell lysate by using the bicin-
choninic acid method (Pierce, Rockford, IL) and then used for
determining the concentrations of HCV core Ag.

Figure 1A shows comparable levels of core Ag in each sam-
ple of cell Iysate, as determined by immunoblotting with anti-
FLAG antibody (Ab). The ability of HCV core Ag assays to
detect five different HCV genotypes were compared using a
commercially available chemiluminescence enzyme immuno-
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assay (CLEIA) (Lumipulse I HCV core assay [assay detection
range, approximately 50 to 50,000 fmol/liter]; Fujirebio, Japan)
(15) and enzyme-linked immunosorbent assay (ELISA) (Ortho
HCV Ag ELISA test [assay detection range, approximately
44.4 to 3,600 fmol/liter]; Ortho-Clinical Diagnostics, Japan) (2)
to detect HCV core Ag in cell lysate. As shown in Fig. 1B,

A 1@ 1b 2a 2b 3a NC
FLAG-COME =I|  onceme e i S

B ta [
AQOO 1b
- -
— _ 2a
S : i
g 600 E
[¢)] ]
— L
@] ]
O 300 |
> T
©)] i
I

0

C _

41 48 85
1a GPRLGVRJIAFRKTSERSQPRGRROQP |
1 - o R R
2a - - -7 - - R R
b - - - - N R
3a - - - - o- - |- -

FIG. 1. Detection of recombinant HCV core Ag derived from ge-
notype la, 1b, 2a, 2b, and 3a isolates by immunoblotting using an
anti-FLAG Ab (A) as well as ELISA and CLEIA (B). The data shown
in panel B represent the mean values and standard deviations (n = 3).
NC, negative control. (C) The amino acid sequence from amino acids
41 to 65 of the core Ag used in this study. Key residues at the 48th
position are boxed. Hyphens indicate conservation.
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TABLE 1. Comparison of the 48th residues of HCV core Ags of
genotypes la, 1b, 2a, 2b, and 3a

No. (%) of isolates with residue at
48th position

Genotype No. of isolates

T A Other
la 263 9(3.5) 254 (96.5) 0(0)
1b 298 2(0.7) 294 (98.6) 207
2a 17 5(29.5) 12 (70.5) 0(0)
2b 17 0(0) 17 (100) 00
3a 23 0(0) 23 (100) 0(0)
Total 618 16 (2.6) 600 (97.1) 2(0.3)

although the ELISA measured similar concentrations of
core Ag in all samples, apparent low levels of the genotype
2a core Ag, originally from an isolate known as the JFH-1
isolate (7), were detected using the CLEIA method, sug-
gesting that some differences in the amino acid sequences
corresponding to particular HCV genotypes or isolates may
influence the sensitivity of core Ag detection. A comparison
of the core Ag sequences, including the monoclonal Ab
epitopes used in the development of CLEIA, revealed con-
servation of alanine at the 48th position in four clones, of
genotypes la, 1b, 2b, and 3a, but not genotype 2a, for which
there is a threonine at this position (Fig. 1C). Based on our
analysis of sequences available from the HCV data-
base (http:/hev.lanl.gov/content/sequence/NEWALIGN/align.html),
alanine is highly conserved at the 48th residue of the core Ag
for HCV isolates of genotypes 1a, 1b, 2b, and 3a (Table 1). In
contrast, alanine and threonine occur in this position in 70.5%
and 29.5%, respectively, of genotype 2a isolates. To examine
whether the low sensitivity of the CLEIA method might be due
to this particular amino acid change, we next replaced threo-
nine with alanine at the 48th position of the JFH-1 core Ag (for
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FIG. 2. Effect of T48A substitution in the core Ag of the JFH-1
isolate with regard to sensitivity of the CLEIA method. Samples of
wild-type or mutated core Ag cell lysate were analyzed by immuno-
blotting (A) and CLEIA (B). The data shown in panel B represent the
mean values and standard deviations (n = 3). NC, negative control.

TABLE 2. Comparison of the modified CLEIA with the original version for detection of the core Ags of genotypes 1a, 1b, 2a, 2b, and 3a*

HCV core antigen concn (fmoV/liter) in serially diluted cell lysates at indicated fold dilution
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the mutant JFH-1coreT48A) and measured the HCV core Ag
concentration in cells expressing both mutated and wild-type
JFH-1 core Ag. After confirming comparable levels of FLAG-
tagged core Ag in the cell lysate samples by immunoblotting
(Fig. 2A), HCV core Ag was quantified in the samples by serial
dilution via the CLEIA method. As shown in Fig. 2B, the core
Ag concentrations of JFH-1coreT48A were assessed to be 3.2-
to 3.8-fold higher than those of the wild-type core Ag, suggest-
ing that the sensitivity of HCV core Ag detection may have
been affected by the 48th residue in the core Ag. Data for
samples derived from genotypes 1a, 1b, 2b, and 3a were anal-
ogous to data for JFH-1coreT48A (data not shown). Although
HCYV isolates with threonine at the 48th position of the core
Ag sequence comprise a relatively small proportion of the
major genotype population, only 2.6% of the genotype 1a, 1b,
2a, 2b, and 3a isolates here (16 of 618 isolates; Table 1),
attempts to overcome this problem would improve the overall
sensitivity and usefulness of the assay. To achieve this aim,
another monoclonal anticore Ab, whose epitope is comprised
of amino acids 50 to 65, which are completely conserved
among all the genotypes examined (Fig. 1C), was therefore
used as a second Ab in a modified version of the CLEIA. We
compared this modified assay with the original version by mea-
surement of core Ag concentrations of the various genotypes
(Fig. 2A) as illustrated in Table 2. The modified assay was able
to quantify core Ag from genotypes 1a, 1b, 2a, 2b, and 3a with
no significant differences observed between Ag levels in sam-
ples from different genotypes at each dilution.

It has been demonstrated that the HCV core Ag assay is a
useful alternative to HCV RNA quantification for the diagno-
sis of hepatitis C and for monitoring the antiviral effects of
treatment. Compared to various reverse transcription-PCR
methods, HCV core assays are less expensive and easier to
perform, without the requirement of sophisticated laboratory
equipment and specially trained laboratory personnel. In ad-
dition, the core Ag assay can be used to measure a more
diverse set of blood samples, such as sera stored for a long
period of time, because the viral Ag is generally more stable
than the RNA in sera or plasma. Despite the adequate per-
formance of core Ag assays, we have shown that a single amino
acid substitution at the 48th position of the core Ag changes
the detection sensitivity. It is also noted that, although the
original CLEIA should be improved, the ELISA used in this
study may be substituted for it.

In conclusion, we have identified a distinct anticore Ab with
a different epitope that might enable improved detection
across all of the major HCV isolates. The findings of this study
would provide useful information for the development of an
improved assay with greater accuracy.
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A Matched Case-Controlled Study of 48 and 72 Weeks
of Peginterferon Plus Ribavirin Combination
Therapy in Patients Infected With HCV Genotype 1b
in Japan: Amino Acid Substitutions in HCV Core
Region as Predictor of Sustained

Virological Response

Norio Akuta,l* Fumitaka Suzuki,! Mlharu leakawa, Yusuke Kawamura,’ eroml Yatsuji,!
Hitomi Sezaki,! Yoshlyukl Suzukl Tetsuya Hosaka,' Masahiro Kobayashl, Mariko Kobayashi,?
Satoshi Saitoh,! Yasuji Arase,! Kenji Ikeda,! and Hiromitsu Kumada®
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2Liver Research Laboratory, Toranomon Hospital, Tokyo, Japan

Substitution of amino acid (aa) 70 and 91 in the
core region of HCV genotype 1b is a useful
pretreatment predictor of efficacy of 48-week
peginterferon (PEG-IFN) pius ribavirin (RBV)
therapy. Here, we determined the efficacy of
72-week PEG-IFN/RBV and the predictive factors
to such therapy in a case—control study matched
for sex, age, and periods from the start of
treatment to initial point of HCV RNA-negative.
We compared the treatment efficacy of 72-week
regimen in 65 patients with that of 48-weekin 130
patients, who were infected with HCV genotype
1b and treated with PEG-IFN/RBV. They consisted
mainly of late virological responders (LVR)
(HCV RNA-positive at 12 weeks and negative at
24 weeks after start of treatment). Sustained
virological response (SVR) was achieved by
61.5% and 32.3% of patients of the 72- and 48-
week groups, respectively, while non-virological
response was noted in 9.2% and 29.2% of the
respective groups. Multivariate analysis identi-
fied substitution of aa 70 and 91 (Arg70 and/or
Leu91) and duration of treatment (72-week)
as independent parameters that significantly
influenced SVR. For Arg70 and/or Leu91 of
core region, SVR rate was significantly higher in
72- (68.0%) than 48-week group (37.8%). For wild-
type of ISDR, SVR rate was significantly higher in
72- (61.2%) than in 48-week group (29.3%).
We conclude that 72-week PEG-IFN/RBV im-
proves SVR rate for LVR, especially those with
Arg70 and/or Leu91 of core region or wild-type
of ISDR. Substitution of aa 70 and 91 is
also a useful pretreatment predictor of response

© 2009 WILEY-LISS, INC.

to 72-week PEG-IFN/RBV. J. Med. Virol.
81:452-458, 2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: HCV; core region; NS5A-ISDR;
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INTRODUCTION

Hepatitis C virus (HCV) usually causes chronic
infection that can result in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma (HCC)
[Dusheiko, 1998; Ikeda et al., 1998; Niederau et al.,
1998; Kenny-Walsh, 1999; Akuta et al., 2001]. In
patients with HCV-chronic hepatitis, treatment with
interferon (IFN) can induce viral clearance and marked
biochemical and histological improvement [Davis et al.,
1983; Di Bisceglie et al., 1989]. Especially, peginterferon
(PEG-IFN) plus ribavirin (RBV) combination therapy
for 48 weeks can achieve a high sustained virological
response (SVR) [Manns et al., 2001; Fried et al., 2002].

Although treatment of genotype 1-infected patients
typically extends over 48 weeks, there has been
interest in prolongation of therapy, particularly in late
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virological responders (LVR) (HCV RNA-positive at
12 weeks and negative at 24 weeks after the start of
treatment), because high relapse rates in LVR may
indicate that treatment was not administered for a
sufficient duration [Ferenci et al., 2005]. Previous
studies from Europe and United States have demon-
strated that LVR improves SVR rates when treatment is
extended to 72 weeks, compared with standard duration
of therapy, largely as a result of reducing posttreatment
relapse rates [Buti et al., 2003; Berg et al., 2006;
Sanchez-Tapias et al., 2006; Pearlman et al., 2007].
Thus, prolongation of therapy in LVR may improve the
virological response rate. However, it is not clear at
present whether prolongation of treatment improves
the SVR rate of treatment-resistant Japanese patients
infected with HCV/genotype 1b[Akuta et al., 2007a,b,c].

Previous studies indicated that amino acid (aa)
substitutions at position 70 and/or 91 in the HCV core
region of genotype 1b were predictors of poor virological
response to 48-week PEG-IFN plus RBV therapy [Akuta
etal., 2005,20086, 2007a,b,c; Donlin et al., 20071, and also
risk factors for hepatocarcinogenesis [Akuta et al.,
2007d, 2008a]. However, it is not clear at this stage
whether aa substitutions in the core region can be used
before therapy to predict the outcome of 72-week
regimen.

The aims of the present study in HCV genotype 1b-
infected Japanese adult patients, who received PEG-
IFN plus RBV, were the following: (1) To conduct a case—
control study matched for sex, age, and periods from the
start of treatment to the initial point of HCV RNA-
negative, to compare the treatment efficacy of 72-week
regimen and 48-week regimen. (2) To identify the
pretreatment factors that could predict treatment
efficacy of the 72-week regimen, including pretreatment
aa substitutions in the core region.

PATIENTS AND METHODS
Study Population

A total of 559 HCV genotypelb-infected Japanese
adult patients were consecutively recruited into the
study protocol of combination therapy with PEG-IFNu-
2b plus RBV between 2001 and 2008 at Toranomon
Hospital, Tokyo, Japan. They received PEG-IFN«-2b at
a median dose of 1.4 pg/kg (range, 0.7-2.1 pgikg)
subcutaneously each week plus oral RBV at a median
dose of 11.1 mg/kg (range, 3.4~16.0 mg/kg) daily. Among
these, 383 patients, who could complete a total of 48 or
72 weeks of combination therapy, were enrolled in
this retrospective study. The latter group consisted
of 65 patients who extended combination therapy to
72-week (72-week group), and 318 patients who stopped
combination therapy at the 48 weeks (48-week group).
The decision to extend the combination therapy to
72 weeks was made by the patient. To compare the
efficacy of the 72- and 48-week courses, all 65 patients
of the 72-week group entered this study along with
130 patients of 48-week. The latter group was selected
from among the 318 because they matched those

453

patients of the 72-week group with respect to sex, age,
and periods from the start of treatment to the initial
point of HCV RNA-negative (matched case—~control
study). The treatment efficacy was evaluated by HCV-
RNA positive based on qualitative PCR analysis at the
end of treatment (non-virological response; NVR),
and by HCV-RNA negative based on qualitative PCR
analysis at 24 weeks after the completion of therapy
(SVR). Furthermore, LVR was defined as HCV RNA-
positive at 12 weeks and negative at 24 weeks after the
start of treatment, based on qualitative PCR analysis.
All patients fulfilled the following criteria: (1) Negativity
for hepatitis B surface antigen (radicimmunoassay,
Dainabot, Tokyo, Japan), positivity for anti-HCV
(third-generation enzyme immunoassay, Chiron Corp.,
Emerville, CA), and positivity for HCV RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostics, Man-
heim, Germany). (2) Infection with HCV genotype 1b
only. (3) A high viral load (>100x 10° IU/ml) by
quantitative analysis of HCV RNA with PCR (AMPLI-
COR GT HCV Monitor v2.0 using the 10-fold dilution
method, Roche Molecular Systems Inc., Pleasanton, CA)
within the preceding 2 months of enrolment. (4) No
hepatocellular carcinoma. (5) Body weight > 40 kg. (6)
Lack of coinfection with human immunodeficiency
virus. (7) No previous treatment with antiviral
or immunosuppressive agents within the preceding
3 months of enrolment. (8) None was an alcoholic;
lifetime cumulative alcohol intake was <500 kg. (9)
None had other forms of liver diseases, such as
hemochromatosis, Wilson disease, primary biliary cir-
rhosis, alcoholic liver disease, or autoimmune liver
disease. (10) None of the females was pregnant or a
lactating mother. (11) All patients had completed a
24-week follow-up program after cessation of treatment,
and SVR could be evaluated. (12) Each signed a consent
form of the study protocol that had been approved by
the human ethics review committee. The profile and
laboratory data of 195 patients, who entered the
matched case—control study, are summarized in Table1.

Laboratory Tests

Blood samples were obtained at least once every
month before, during, and after treatment, and were
analyzed for alanine aminotransferase (ALT) and HCV-
RNA levels. The serum samples were frozen at —80°C
within 4 hr of collection and thawed at the time of
measurement. HCV genotype was determined by PCR
using a mixed primer set derived from the nucleotide
sequences of NS5 region [Chayama et al., 1993]. HCV-
RNA levels were measured by quantitative PCR
(AMPLICOR GT HCV Monitor v2.0 using the 10-fold
dilution method, Roche Molecular Systems Inc.) at least
once every month before, during, and after therapy.
The dynamic range of the assay was 5.0 x 10% to
5.0 x 10° TU/ml. Samples collected during and after
therapy that showed undetectable levels of HCV-RNA
(<5.0 x 10° TU/ml) were also checked by qualitative PCR
(AMPLICOR HCV v2.0, Roche Molecular Systems Inc.),
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TABLE 1. Patient Profile and Laboratory Data at Commencement of 48- and 72-Week Combination Therapy of Peginterferon
Plus Ribavirin in Patients Infected With HCV Genotype 1b (Matched Case—Control Study)

72-week group

48-week group

Matching data
Number of patients
Sex M/F)
Age (years)*
Perieds to the initial point of HCV RNA-negative (weeks)*
Demographic data
History of blood transfusion
Family history of liver disease
Body mass index (kg/m?%)*
Laboratory data*
Serum aspartate aminotransferase (IU/L)
Serum alanine aminotransferase (IU/L)
Serum albumin (g/dl)
Gamma-glutamyl transpeptidase (1U/L)
Leukocytes (fmm?®)
Hemoglobin (g/dl)
Platelet count (x10*%/mm®)
ICG R15 (%)
Level of viremia (KIU/ml)
Alfa-fetoprotein (,g/L)
Total cholesterol (mg/dl)
High density lipoprotein cholesterol (mg/dl)
Low density lipoprotein cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dD)
Fasting blood sugar (mg/dl)
Histological findings
Stage of fibrosis (F1/F2/F3/ND)
Hepatocyte steatosis (none to mild/moderate to severe/ND)
Treatment
PEG-IFN «-2b dose (pg/kg)*
Ribavirin dose (mg/kg)*
Amino acid substitutions in the HCV
Core aa 70 (arginine/glutamine (histidine)/ND)
Core aa 91 (leucine/methionine/ND)
ISDR of NS5A (wild-type/mutant-type/ND)

66 130

28/37 57/73 Matched

57 (22-70) 56 (25-68) Matched

17.4 (56.9-72.0) 19.7 (6.0-48.0) Matched
18 (27.7%) 42 (32.3%) NS
21 (32.3%) 31 (23.8%) NS
22.6 (16.6-38.0) 22.2 (17.0-32.4) NS
49 (23-213) 51 (21-217) N8
64 (25-430) 68 (20—-391) NS
3.9 (3.2-4.5) 3.8 (3.2-4.6) NS
40 (14-171) 38 (15-581) NS
4,400 (2,300-8,800) 4,600 (1,200-9,400) NS
14.0(11.3-17.8) 13.9 (10.6-18.1) NS
16.2 (8.2-30.7) 15.8 (6.4—31.6) NS
13 (2-73) 15 (2—-45) NS

2,650 (52->5,000) 1,850 (49->5,000) 0.013
6 (2—-47) 6(2—-110) NS
174(111-276) 175 (104-274) NS
45 (27-86) 51 (24-78) NS
104 (49-204) 107 (50-182) NS
91 (356—-259) 94 (35-315) NS
5.3 (2.6-7.7) 5.0 (2.3-8.7) NS
95 (79-218) 98 (76—157) NS
20/12/11/1/21 44/27/22/0/37 NS
40/2/23 78/8/44 NS
1.4 (0.8-2.1) 1.4(0.7-1.9) NS
10.9 (6.6-16.0) 10.8 (3.7-14.2) NS
37/23/5 11 47/6 NS
42/18/5 66/57/7 0.038

49/5/11 99/17/14 NS

Data are number and percentages of patients, except those denoted by *, which represent the median (range) values. ND: not determined.

which has a higher sensitivity than quantitative
analysis, and the results were expressed as positive or
negative. The lower limit of the assay was 50 TU/ml.

Histopathological Examination
of Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku
University style, Kakinuma Factory, Tokyo), fixed in
10% formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and periodic
acid-Schiff after diastase digestion. All specimens for
examinations contained six or more portal areas.
Histopathological diagnosis was confirmed by an expe-
rienced liver pathologist (H.K.) who was blinded to the
clinical data. Chronic hepatitis was diagnosed based on
histopathological assessment according to the scoring
system of Desmet et al. [1994]. Hepatocyte steatosis was
graded as either none (absent), mild (less than 1/3 of
hepatocytes involved), moderate (greater than 1/3 but
less than 2/3 of hepatocytes involved), or severe (greater

J. Med. Virol. DOI 10.1002/jmv

than 2/3 of hepatocytes involved) [D’Alessandro et al.,
1991].

Detection of Amino Acid Substitutions in

Core Region and NS5A Region

With the use of HCV-J (accession no. D90208) as a
reference [Kato et al., 1990], the sequence of 1-191 aain
the core protein of genotype 1b was determined and then
compared with the consensus sequence constructed on
50 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (GIn70/His70)
and aa 91 of leucine (Leu91) or methionine (Met91)
[Akuta et al., 2005]. The sequence of 2209-2248 aa in
the NS5A of genotype 1b (IFN-sensitivity determining
region [ISDR]) reported by Enomoto et al. [1995, 1996]
was also determined, and the numbers of aa substitu-
tions in ISDR were defined as wild-type (<1) or mutant-
type (>2).

In the present study, aa substitutions of the core
region and NSS5A-ISDR were analyzed by direct
sequencing [Enomoto et al., 1995, 1996; Akuta et al.,
2005]. HCV RNA was extracted from serum samples at
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the start of treatment and reverse transcribed with
random primer and MMLV reverse transcriptase
(Takara Syuzo, Tokyo). Nucleic acids were amplified
by PCR using the following primers: (a) Nucleotide
sequences of the core region: The first-round PCR was
performed with CC11 (sense, 5-GCC ATA GTG GTC
TGC GGA AC-3') and el4 (antisense, 5'-GGA GCA GTC
CTT CGT GAC ATG-3') primers, and the second-round
PCR with CC9 (sense, 5'-GCT AGC CGA GTA GTG TT-
3"} and el4 (antisense) primers. (b) Nucleotide sequen-
ces of NS5A-ISDR: The first-round PCR was performed
with ISDR1 (sense, 5-ATG CCC ATG CCA GGT TCC
AG-3) and ISDR2 (antisense, 5'-AGC TCC GCC AAG
GCA GAA GA-3') primers, and the second-round PCR
with ISDRS3 (sense, 5'-ACC GGA TGT GGC AGT GCT
CA-3") and ISDR4 (antisense, 5'-GTA ATC CGG GCG
TGC CCA TA-3') primers ([a] hemi-nested PCR; [b]
nested PCR). All samples were initially denatured at
95°C for 15 min. The 35 cycles of amplification were set
as follows: denaturation for 1 min at 94°C, annealing of
primers for 2 min at 55°C, and extension for 3 min at
72°C with an additional 7 min for extension. Then 1 ul of
the first PCR product was transferred to the second PCR
reaction. Other conditions for the second PCR were the
same as the first PCR, except that the second PCR
primers were used instead of the first PCR primers. The
amplified PCR products were purified by the QIA quick
PCR purification kit (Qiagen, Tokyo, Japan) after
agarose gel electrophoresis and then used for direct
sequencing. Dideoxynucleotide termination sequencing
was performed with the Big Dye Deoxy Terminator
Cycle Sequencing kit (Perkin-Elmer, Tokyo, Japan).

Statistical Analysis

Non-parametric tests (Mann—Whitney U-test, chi-
squared test and Fisher’s exact probability test) were
used to compare the characteristics of the groups.
Univariate and multivariate logistic regression analy-
ses were used to determine those factors that signifi-
cantly contributed to SVR. The odds ratios and 95%
confidence intervals (95% CI) were also calculated. All P
values less than 0.05. by the two-tailed test were
considered significant.Variables that achieved statis-
tical significance (P < 0.05) on univariate analysis were
entered into multiple logistic regression analysis to
identify significant independent factors. The potential
pretreatment predictive factors associated with SVR
included the following variables: sex, age, history of
blood transfusion, familial history of liver disease, body
mass index, aspartate aminotransferase (AST), ALT,
albumin, gamma-glutamyl transpeptidase (yGTP), leu-
kocyte count, hemoglobin, platelets, indocyanine green
retention rate at 15 min (ICG R15), level of viremia, alfa-
fetoprotein, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, trigly-
cerides, uric acid, fasting blood sugar, hepatocyte
steatosis, stage of fibrosis, PEG-IFN dose/body weight,
RBV dose/body weight, duration of treatment, and
amino acid substitution in the core and ISDR of NS5A.
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Statistical analyses were performed using the SPSS
software (SPSS Inc., Chicago, IL).

RESULTS

Comparison of Treatment Efficacy Between
48-Week Group and 72-Week Group

Figure 1 shows comparison of the treatment efficacy
between 48- and 72-week groups. SVR was achieved by
42 of 130 patients (32.3%) and 40 of 65 (61.5%) in the 48-
and 72-week groups, respectively. The proportion of
SVR was significantly higher in 72-week group than in
the 48-week group (P <0.001). Furthermore, NVR
was identified in 38 of 130 patients (29.2%) and 6 of
65 (9.2%) in the 48- and 72-week groups, respectively.
The proportion of NVR was significantly lower in the
72-week group than in 48-week group (P =0.002).

Predictive Factors Associated With SVR in
Multivariate Analysis

Univariate analysis identified 13 parameters that
influenced SVR either significantly or marginally:
gender (female sex; P=0.002), stage of fibrosis (Fy;
P=10.008), PEG-IFN dose/body weight (>1.4 pg/kg;
P=0.001), RBV dose/body weight (>11.0 mgkg;
P =0.029), platelet count (>15.0 x 10*/mm?; P =0.002),
level of viremia (<1,000 KIU/ml; P = 0.049), yGTP (<50
1U/L; P=0.028), ICG R15 (<15%; P =0.003), triglycer-
ides (<100 mg/dl; P=0.038), high-density lipoprotein
cholesterol (>50 mg/dl; P=0.018), o-fetoprotein
(<20 pg/L; P=0.005), substitution of aa 70 and
91 (Arg70 and/or Leu9l; P=0.002), and duration of
treatment (72-week group; P < 0.001).

Multivariate analysis identified three independent
parameters that either significantly influenced or
tended to significantly influence SVR; substitution of
aa 70 and 91 (Arg70 and/or Leu91; P =0.015), duration
of treatment (72-week group; P=0.014), and high-
density lipoprotein cholesterol (>50 mg/dl; P=0.084)
(Table II).

100

48-week group

- 72-week group
8¢ r

60 -

40

Percentage of Patients (%)
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<

d virolngical resp Noau-virological response

Fig. 1. Comparison of treatment efficacy between the 48-week group
and 72-week group. The proportion of patients with sustained
virological response in 72-week group was significantly higher than
in 48-week group (P < 0.001). Furthermore, the proportion of patients
with non-virological response in 72-week group was significantly lower
than in 48-week group (P = 0.002).
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TABLE II. Factors Associated With Sustained Virological Response to Combination Therapy of Peginterferon Plus Ribavirin in
195 Patients Infected With HCV Genotypelb, Identified by Multivariate Analysis

Factor Category 0Odds ratio (95% CI) p
Substitution of aa 70 and 91 1: GIn70 (His70) and Met91 1
2: Arg70 and/or Leu91 5.46 (1.39-21.3) 0.015
Duration of treatment (weeks) 1. 48 1
2: 72 3.51 (1.28-9.62) 0.014
HDL-cholesterol (mg/dl) 1: <50 1
2: >50 2.42 (0.89-6.58) 0.084

*Only variables that achieved statistical significance (P < 0.05) or marginal significance (P < 0.10) on multivariate logistic regression are shown.

Treatment Efficacy According to Amino Acid
Substitutions in Core Region

Figure 2 shows comparison of the treatment efficacy
according to aa substitutionsinthe core region. In GIn70
(His70) and Met91, SVR was achieved by 4 of 26 patients
(15.4%) and 3 of 10 (30.0%) in the 48- and 72-week
groups, respectively. The proportion of SVR in 72-week
group was not significantly different than in 48-week
group. In Arg70 and/or Leu91, SVR was achieved by 37
of 98 patients (37.8%) and 34 of 50 (68.0%) in the 48- and
72-week groups, respectively. The proportion of SVR in
72-week group was significantly higher than in 48-week
group (P=0.001).

Treatment Efficacy According to Amino
Acid Substitutions in NS5A-ISDR

Figure 3 shows comparison of the treatment efficacy
according to aa substitutions in NS5A-ISDR. In mutant-
type, SVR was achieved by 9 of 17 patients (52.9%) and
3 of 5 (60.0%) in the 48- and 72-week groups, respec-
tively. The proportion of SVR in 72-week group was not
significantly different from that in 48-week group. In
wild-type, SVR was achieved by 29 of 99 patients (29.3%)
and 30 of 49 (61.2%) in the 48- and 72-week groups,
respectively. The proportion of SVR in 72-week group
was significantly higher than that in 48-week group
(P <0.001).

100
48-wueek group
M 72-weck group

Rate (%)

68.0%

P

1R,

ined Virologi

GIn70 (His70) and Met91 Arg?8 and/or Leu91

Fig. 2. Comparison of treatment efficacy according to amino acid
substitutions in the core region. In GIn70 (His70) and Met91, the
proportion of patients with sustained virological response in 72-week
group was not significantly different from that in 48-week group.
However, in Arg70 and/or Leu81, the proportion of patients with
sustained virological response in 72-week group was significantly
higher than in 48-week group (P=0.001).
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DISCUSSION

This matched case-controlled study of PEG-IFN plus
RBYV for LVR infected with HCV genotype 1b, showed
that treatment extension to 72 weeks seems to improve
SVR rates in Japanese patients. To our knowledge, the
present study is the first to report that 72-week regimen
of PEG-IFN plus RBV might be also useful in Asians.
Especially, the 72-week regimen significantly improved
the SVR ratesin LVR with Arg70 and/or Leu91 of core or
wild-type of ISDR, The present study based on patients,
who could complete a total of 48 or 72 weeks of
combination therapy, did not show the frequencies of
patients, who could not complete by side effects.
Patients, who dropped out by side effects between 48
and 72 week for therapy prolonged to 72 weeks, were
only 8 of 559 HCV genotypelb-infected Japanese adult
patients (data not shown), so the frequencies of side
effects with 72-week regimen might be nearly equal to
those with 48-week regimen. Large-scale prospective
study based on the intention to treat analysis should be
conducted to confirm the above finding in future.

NS5A-ISDR, reported as predictor of treatment
efficacy with IFN monotherapy by Enomoto et al.
{1995, 1996], is also useful as predictor of 48-week
PEG-IFN plus RBV combination therapy [Murayama
et al., 2007; Shirakawa et al,, in press; Yen et al., 2008].
Furthermore, the present study also indicated that

48-weck group
. T2-week group

Rate (%)

~ 60.0%

wild-type

mutant-type

Fig. 3. Comparison of treatment efficacy according to amino acid
substitutions in NS5A-ISDR. In mutant-type, the proportion of
patients with sustained virological response in 72-week group was
not significantly different from that in 48-week group. However, in
wild-type, the proportion of patients with sustained virological
response in 72-week group was significantly higher than in 48-week
group (P < 0.001).
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72-week regimen of PEG-IFN plus RBV significantly
improved the SVR rate in LVR with wild-type of ISDR.
Unfortunately, the 72-week regimen of PEG-IFN plus
RBV did not improve the SVR rate in LVR with
GIn70 (His70) and Met91 of the core region. Multi-
variate analysis also identified GIn70 (His70) and Met91
of the core region as independent parameter that
significantly influenced non-SVR. PEG-IFN plus RBV
carries potential serious side effects and is costly
especially when used long enough to achieve higher
SVR rates. For these reasons, we need to identify those
patients who do not achieve SVR, to free them of
unnecessary side effects and reduce costs, preferably
before the start of the combination therapy. For patients
unsuitable for PEG-IFN plus RBYV, including LVR with
GIn70 (His70) and Met91 of the core region, low-dose
intermittent IFN monotherapy might be an efficacious
therapeutic regimen, because it can lead to ALT norma-
lization and thus reduce the risk of hepatocarcino-
genesis [Akuta et al., 2008b].

One limitation of this study is that LVR could not be
evaluated by the COBAS AmpliPrep/COBAS TagMan
HCV Test (the lower limit of this assay; 15 IU/ml), which
has a higher sensitivity than AMPLICOR HCV v2.0 (the
lower limit of this assay; 50 IU/ml) [Sizmann et al.,
2007]. Rapid virological response (HCV RNA-negative
at 4 weeks after the start of treatment) and early
virological response (HHCV RNA-positive at 4 weeks and
negative at 12 weeks after the start of treatment) by
AMPLICOR HCV v2.0 might be diagnosed as LVR by
the COBAS AmpliPrep/COBAS TagMan HCV Test.
Further studies using highly sensitive real-time PCR
assay should be performed to facilitate the development
of more effective therapeutic regimens in future.

We previously reported that viral factors {e.g., aa
substitutions in core region) and host factors (e.g., lipid
metabolic factors, sex, and AFP) might be important
predictors of treatment response to 48-week PEG-IFN
plus RBV in Japanese patients infected with HCV
genotype 1b, in addition to treatment-related factors
(e.g., RBV dose) [Akuta et al., 2005, 2006, 2007a,b,c].
The present study also identified viral (aa substitutions
in the core region), host (HDL-cholesterol), and treat-
ment-related factors (duration of treatment) that can be
useful as independent and significant pretreatment
predictors of SVR. Thus, substitution of aa 70 and 91 is
also useful as a pretreatment predictor of 72-week
regimen. Further studies that examine the structural
and functional impact of aa substitutions during
combination therapy should be conducted to confirm
the above finding.

Another limitation of our study was that we did not
examine aa substitutions in areas other than the
core region and NS5A-ISDR of HCV genome, such as
the interferon/ribavirin resistance determining region
(IRRDR), including V3 of NS5A region, although they
should be investigated in future studies [El-Shamy
et al., 2008; Munoz de Rueda et al., 2008).

We conclude that treatment efficacy of 72-week PEG-
IFN plus RBV seems to be based on a dynamic tripartite
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interaction of viral-, host-, and treatment-related
factors. Further understanding of the complex inter-
action between these factors should facilitate the
development of more effective therapeutic regimens.
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