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Figure 3. Relationship between increase in the number of hypermutated genomes and hepatitis B virus {HBV} e antigen (HBeAg) levels in 15
HBeAg-positive patients with chronic HBV infection who experienced =2 increases of >100 [U/L in alanine aminotransferase {ALT) level. Patients’
exacerbations were divided into 2 groups, A and B, according to the extent of increase in the number of hypermutated genomes, relative to the basal
number {group A included 9 exacerbations that involved a >5-fold increase in the number of hypermutated genomes; group B included 8 exacerbations
that involved a =5-fold increase in the number of hypermutated genomes). Upper pane/ for groups A and B, individual e antigen levels at the time the
ALT level increased and 2 months later; in the upper panel for group A, dashed lines indicate 4 exacerbations associated with seroconversion to positivity
for antibody against e antigen. Lower pane/ for groups A and B, box-and-whisker plots for e antigen levels at these same 2 time points. In the plots,
the lines in the boxes indicate median values; the upper and lower lines of the boxes indicate the 25th and 75th percentiles, respectively; and the upper

and lower whiskers represent the 80th and 10th percentiles, respectively.

supernatant (figure 5A and 5B). These results suggest that the
infectivity (or replication ability) of HBV with hypermutated
genomes is very poor. It is possible that the inoculum contained
less abundantly mutated genomes. To test this, we cloned and
sequenced 72 clones of 217-bp DNA fragments amplified at a
denaturation temperature of 95°C. Of 72 clones obtained from
the inoculum, we found 1 clone with 8 G-to-A substitutions, 1
clone with 5 substitutions, 2 clones with 3 substitutions, and 1
clone with 1 substitution (figure 5C). In contrast, 1 of the 72
clones obtained from the mouse serum had 1 G-to-A substitu-
tion, If G-to-A substitutions were excluded, the only other nu-
cleotide substitution observed in the 144 clones sequenced was a
single C-to-T substitution.

DISCUSSION

In a previous study, we found that the majority of serum samples
obtained from HBV-infected patients contained a small number
of hypermutated genomes [27]. Recently, we developed a
method (TagMan 3D-PCR) to measure small numbers of hy-
permutated genomes {28]. Using this method, we reported dual
antiviral effects for APOBEC3G, namely induction of hypermu-
tation and reduction of viral replication, We also reported that

IFN increased the transcription of APOBEC3G and enhanced
the effect of the protein in vitro [28]. Other investigators also
showed that IFN enhances the action of APOBEC proteins
against HIV [18~21]. It is thus assumed that the antiviral effect
of APOBEC proteins should be enhanced by IFN and other cy-
tokines in vivo.

In the present study, we showed that an increase in ALT level
accompanied by an increase in the number of hypermutated
genomes was associated with reduction in the plasma HBV DNA
level. In contrast, no decrease in HBV DNA level was observed if
the increase in ALT leve] occurred in the absence of an increase
in the number of hypermutated genomes. It is difficult to know
which of the dual antiviral effects of APOBEC3G (or other
APOBEC proteins) reduced the viral level. It is also impossible to
estimate the importance of APOBEC proteins in this reduction.
However, it is clear that the increase in the number of hypermu-
tated genomes of HBV correlates with activation of the host an-
tiviral defense against HBV.

We also demonstrated that exacerbations of HBV infection
associated with a marked increase in the number of hypermu-
tated genomes were associated not only with a decrease in the
plasma HBV DNA level but also with clearance of ¢ antigen.
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Figure 4.

Effect of interferon {IFN}~o therapy on hepatitis B virus (HBV) hypermutation in HBV-infected, human hepatocyte—chimeric mice. Two

chimeric mice (A} were inoculated with recombinant wild-type HBY produced by transfected HepG2 cells; 10 weeks later, after confirmation of high-level
HBV viremia, they were treated with IFN-« at 7000 {U/g/day for 14 days, by intramuscular injection. Upper panels in both parts of A, serum HBY DNA
levels and the number of hypermutated genomes; Jower panels in both parts of A, human serum albumin concentrations. Note that the albumin levels
are stable during IFN-o therapy. A control mouse B) was inoculated with recombinant wild-type HBV produced by transfected HepG2 cells and treated
with phosphate-buffered saline (PBS). Upper and lower panels of B show the same information as in 4.

Furthermore, all exacerbations followed by seroconversion to
positivity for antibody against e antigen were associated with a
marked increase in the number of hypermutated genomes.
Clearance of e antigen often results from a G-to-A nucleotide
substitution at the first position of a 5'-GGGG stretch in the pre-
core coding sequence (the G1896A mutation). Because this sub-
stitution (changing TGGGG to TAGGG) is in agreement with
the dinucleotide pattern preferentially edited by APOBEC3G,
one might assume that G-to-A substitution in this region could
be caused by this enzyme and is related to the clearance of e
antigen. However, we observed that hypermutation was induced
in only some genomes, whereas the majority of genomes were
unaffected, Thus, it seems unlikely that APOBEC proteins play a
role in seroconversion to positivity for antibody against e anti-
gen, although it is still possible that the 5'-GGGG stretch in the
precore region is the preferred editing site for the enzyme, Im-
portantly, such substitution of the 5'-GGGG stretch should re-
sult in the occurrence of multiple stop codons (TAG, TGA, and
TAA) in HBV genomes, as we observed and reported in our

previous study [28], which makes the replication of mutated
genomes impossible.

In the present study, we did not observe any increase in the
number of hypermutated genomes during IFN therapy in some
patients. This finding is discrepant from the results of previous
in vitro experiments that showed increased numbers of hyper-
mutated genomes after the application of IFN [28], Interest-
ingly, our experimental results also showed the induction of
APOBEC3G gene expression, an increase in the number of hy-
permutated genomes, and a reduction of plasma HBV DNA level
in 2 human hepatocyte~chimeric mice treated with IFN (figure
4). What is the reason for the lack of increase in hypermutation
in some IEN-treated patients? We usually administer IFN to pa-
tients who have high ALT levels, The patients in this study had
abnormal ALT levels prior to treatment with IFN—that is, their
livers were inflamed, and the levels of many cytokines produced
by the immune cells in the liver were already high, We presume
that the effect of these elevated cytokine levels masked the effect
of the IFN we administered. It could also be argued that the effect
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Figure 5. Results for a human hepatocyte—chimeric mouse inoculated with hepatitis B virus {HBV) produced by HepG2 cells transfected with an equal
amount {5 pg each) of HBV and apolipoprotein B messenger RNA editing enzyme, catalytic polypeptide~like 3G plasmids. The inoculum contained
~6.25% hypermutated genomes, A serum sample was obtained 10 weeks after the inoculation. A, HBY DNA was amplified by polymerase chain
reaction {PCR) that used different denaturation temperatures and run on 2% agarose gel. 5, Quantitative measurement of HBV DNA and hypermutated
DNA in the inoculum and mouse serum. C, Number of G-to-A substitutions found in each of 72 clones obtained from products of PCR of culture

supernatant or mouse serum.

observed in mice represents the absence of the immune response
in mice, whereas the lack of a clear response to IEN in the study
patients was the result of the complex immune response in hu-
man beings. Alternatively, the concentrations of IFN in treated
patients might be lower than those used for the cell culture or the
chimeric mice. Although we did not perform this analysis in the
present study, it would be interesting to determine the expres-
sion levels of APOBEC proteins and IFN-stimulated genes in the
liver of IFN-treated patients,

The present study showed that the number of hypermutated
genomes increased during some increases in ALT level, probably
as a result of IFN-activated APOBEC proteins and other cyto-
kines in patients with chronic hepatitis B. However, the number
of hypermutated genomes was very small, only 28,378 in 10°
HBV genomes at most (figure 1A). Because it was possible that
the less abundantly hypermutated genomes were not detected
(i.e., that genomes with only 1 or 2 G-to-A substitutions were
not amplified by 3D-PCR), cloning and sequencing were per-
formed to detect such genomes. However, the number of ge-

nomes containing G-to-A substitutions was still low (5 [6.9%] of
72 clones), even in the culture medium of HepG2 cells cotrans-
fected with APOBEC3G and HBV (figure 5C). This means that
the number of genomes with only a small number of G-to-A
substitution was not high, suggesting that only selected DNA
molecules were heavily mutated while the remaining DNA was
not, Does this mean that the effect of APOBEC proteins in anti-
viral defense is trivial in patients with chronic HBV infection? It
is a possible that the heavily deaminated genomes are an easy
target for uracil DNA glycocylase, Although the dual antiviral
effects of APOBEC proteins are currently known to reduce the
amount of HBV, the importance and magnitude of APOBEC
proteins with respect to in vivo virus reduction should be inves-
tigated further.

Treatment of patients with chronic HBV infection has im-
proved with the advent of new nucleoside and nucleotide ana-
logues, However, reactivation of BV and flare-ups of hepatitis
are often seen in patients who stop such therapy, Furthermore,
hepatitis B surface antigen clearance is rare in patients treated

1606 « JID 2009:199 (1 June) ¢ Noguchietal.
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with these antiviral drugs. On the other hand, most patients with
chronic HBV infection achieve sufficient viral suppression and
disease quiescence through immunological suppression of the
virus, As we showed in this study, the immunological suppres-
sion of HBV is much stronger than that achieved with IFN ther-
apy, but it is often transient. It is thus necessary to clarify the
mechanism of transient immune response and to develop treat-
ment that produces persistent suppression of HBV. Quantitative
measurement of hypermutated genomes should be useful in
monitoring the immune response in this context.
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BACKGROUND & AIMS: Hepatitis C virus (HCV)
gains entty into susceptible cells by interacting with cell
surface receptor(s). Viral entry is an attractive target for
antiviral development because of the highly conserved
mechanism. METHODS: HCV culture systems were
used to study the effects of phosphorothioate oligonu-
cleotides (PS-ONs), as amphipathic DNA polymers (APs),
on HCV infection. The in vivo effects of APs were tested
in urokinase plasminogen activator (uPA)/severe com-
bined immunodeficient (SCID) mice engrafted with hu-
man hepatocytes. RESULTS: We show the sequence-
independent inhibitoty effects of APs on HCV infection.
APs were shown to potently inhibit HCV infection at
submicromolar concentrations. APs exhibited a size-
dependent antiviral activity and were equally active
against HCV pseudoparticles of various genotypes. Con-
trol phosphodiester oligonucleotide (PO-ON) polymer
without the amphipathic structure was inactive, APs had
no effect on viral replication in the HCV replicon system
or binding of HCV to cells but inhibited viral internal-
ization, indicating that the target of inhibition is at the
postbinding, cell entty step. In uPA/SCID mice engrafted
with human hepatocytes, APs efficiently blocked de novo
HCV infection. CONCLUSIONS: Our results demon-
strate that APs are a novel class of antiviral com-
pounds that hold promise as a drug to inhibit HCV

enfry.

epatitis C virus (HCV) infects approximately 200

million people worldwide.! The majority of HCV-
infected patients fails to clear the virus, and many de-
velop chronic liver disease including cirrhosis with a risk
of hepatocellular carcinoma. Treatment of chronic hep-
atitis C is currently based on pegintetferon-alfa and riba-
virin, which is accompanied by substantial adverse effects
and is only effective in approximately half of the pa-
tients.2? In addition to other viral targets, viral entry is an
attractive target for antiviral development because of the

potentially conserved mechanism of viral entry.* Al-
though several candidate receptors for HCV have been
identified,5-10 the mechanism of HCV entry still remains
largely unknown. Previous reports have indicated a pH
dependency for entry of HCV pseudoparticles (HCVpp)
as well as cell culture-generated HCV (HCVcc), suggesting
that HCV enters cells by receptor-mediated endocyto-
sis.7>1112 Antiviral compounds targeting the entry step of
viral infection have been successfully developed in other
viral infections.1? Recent studies have shown that phos-
phorothioate oligonucleotides (PS-ONs), as amphipathic
DNA polymers (APs), have a sequence-independent anti-
viral activity against human immunodeficiency virus type
1 (HIV-1) as entry inhibitors.!* The antiviral effect of APs
appears to be specific to the phosphorothioate backbone,
which confers an amphipathic structure, because the
phosphodiester oligonucleotides (PO-ONs) as nonam-
phipathic polymers are ineffective.'*

Materials and Methods
Cell Culture and Oligonucleotide Synthesis

Huh7.5 (provided by Charles Rice), Huh7.5.1
(provided by Francis Chisari), Huh7, and Hep3B cells
were maintained at 37°C, 5% CO, in Dulbecco’s mod-
ified Bagle medium, containing 10% fetal bovine se-
rum. All PS-ONs and PO-ONs were synthesized as
described previously.!* Oligonucleotides lacking the
phosphorothioate modification (PO-ONs) were syn-
thesized with the addition of 2’-O-methyl ribose mod-
ification, which stabilizes oligonucleotides from nucle-
ase degradation.!* Compounds used in the in vivo
experiment were synthesized under good manufactur-
ing practice (GMP) conditions to yield high-purity
sodium salts.

Abbreviations used in this paper: APs, amphipathic DNA polymers;
HCV, hepatitis C virus; HCVcc, cell culture-generated HCV; HCVpp, HCV
pseudoparticles; VSVGpp, vesicular stomatitis virus G protein pseudo-
particle; PO-ON, phosphodiester oligonucleotide; PS-ONs, phosphoro-
thioate oligonucleotides.
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HCYV Infection and Replication Assays

The production of cell culture-generated HCV
JFH-1 (HCVcc) and HCV pseudovirus (HCVpp) has been
repotted previously®!S and is described in detail in the
Supporting Document. HCVpp harboring E1/E2 glyco-
proteins from genotypes 1a, 1b, 2a, 3a, 4a, 5a, and 6a were
described previously.'s For viral internalization assay,
Hep3B cells were incubated for 1 hour at 4°C to allow
binding of HCVpp (pHCV7a) to cells, washed repeatedly
with phosphate-buffered saline to remove unbound vi-
rus, and treated with concanamycin A (Sigma-Aldrich,
St. Louis, MO) (25 nmol/L), Anti-E2 AP33 antibody'” (25
pg/ml), PS-ON (100 nmol/L), or PO-ON (100 nmol/L)
overnight at 37°C for viral entry. The efficiency of infec-
tion was measured by luciferase assay 24 hours later.
Transient assay of genotypes 1b (Con-1) and 2a (JFH-1)
subgenomic reporter replicons have been reported previ-
ously!®1? and are described in detail in the Supporting
Document.

HCV Binding and Fusion Assays

The HCV-like particle (LP) binding assay was per-
formed at 4°C for 1 hour in 100 uL of TNC (50 mmol/L
Tris, pH 7.4, 100 mmol/L NaCl, 1 mmol/L CaCl,) buffer
containing 1% bovine serum albumin as reported previ-
ously?® and is described in detail in the Supporting Doc-
ument. Both Hep3B and Huh?7.5 cells were tested. Direct
binding of PS-ON or PO-ON to HCV-LP was measured
by a plate-binding assay and is described in the Support-
ing Document. For viral fusion assay, HCVpp/lipo-
some lipid mixing assays with rhodamine-labelled lipo-
somes were performed as previously reported?! and are
described in the Supporting Document.

HCV Infection in Chimeric Mice

Human hepatocyte-transplanted mice generated
in severe combined immunodeficient (SCID)/urokinase
plasminogen activator (uPA) mice were purchased from
PhenixBio (Hiroshima, Japan).22 These uPA/SCID mice
stably transplanted with human hepatocytes were treated
intraperitoneally with 10 mg/kg of poly C PS-ON or poly
AC PS-ON (40mer) on days —1, 0, 1, 3, 5, and 7. Control
poly C PO-ON (40mer stabilized by 2'-O-methyl ribose
modification) was also tested. A fourth group of mice did
not receive any compounds (only normal saline admin-
istration). Approximately 5-15 mice were included in
each group. The mice were intravenously inoculated on
day 0 with HCV patient serum containing 3.9 X 10°
copies of HCV genotype 1b. Serum samples were ob-
tained on days 0 (prior to HCV inoculation), 7, 14, 21, 28,
and 35 for HCV RNA, HCV core antigen, and human
albumin determination. Human albumin in the blood of
the chimeric mice was measured with the Alb-II Kit
(Biken Chemical, Tokyo, Japan).

— 521 —

GASTROENTEROLOGY Vol. 437, No. 2

Statistical Analysis

Data from at least triplicate experiments were
averaged and expressed as means * standard deviations.
Statistical analysis was performed using the Student ¢ test
or Welch ¢ test. P values of less than .05 were considered
statistically significant,

Results

APs Inhibit HCV Infection in a
Sequence-Independent Manner

To assess whether APs can inhibit HCV infection,
fully degenerate 40mer oligonucleotides that were either
phosphorothioated (PS-ON) resulting in a stable amphi-
pathic DNA polymet or that had a 2'-O-methyl modifi-
cation on the ribose moiety (PO-ON) conferring stability
but not altering the polyanionic nature of DNA423 were
tested. Huh7.5 cells were infected with HCVcc in the
presence of either PS-ON or PO-ON. At 72 hours postin-
fection, HCV-infected cells were assessed by immunoflu-
orescence assay (Figure 14) and intracellular HCV RNA
quantification (Figure 1B). HCV infection was signifi-
cantly inhibited by PS-ON and not PO-ON (P < .05). The
inhibitory effect of PS-ON was also confirmed by reduced
HCV core antigen and HCV RNA levels in the culture
supernatant, as compared with those of the PO-ON-
treated cells (P < .05) (Figure 1C and D). To evaluate
further the efficacy of PS-ON against viral entry, HCVpp
harboring genotype 1b was used to infect Hep3B. The
PS-ON blocked infection of HCVpp in a similar dose-
dependent manner (Figure 1E). The PO-ON exhibited
some inhibitory effect at high concentration, which
could be attributed to noncytotoxic inhibition of cellular
adherence by the polyanion nature of PO-ON. To assess
whether the PS-ON inhibitory effect is specific for HCV,
retroviral pseudovirus carrying the vesicular stomatitis
vitus G protein (VSVGpp) was tested in the presence of
PS-ON or PO-ON. Neither PS-ON nor PO-ON had any
effect on VSVGpp infection (Figure 1F). Furthermore,
adenoviral infection was not inhibited by PS-ON (Sup-
plementary Figure 1),

A seties of homo- and heteropolymeric APs including
poly G, A, T, C, TG AC, TC, and AG PS-ONs were tested
for their inhibitory activities on HCV infection in both
HCVec and the HCVpp systems. These APs had similar
inhibitory activities as the degenerate PS-ON with ran-
dom sequence in the HCVcc system except for poly G
and poly A (Figure 24). Similar effects were also ob-
setved on HCV core antigen and HCV RNA levels in the
culture supernatant (Figure 2B and C). In the HCVpp
system, these PS-ONs also had similar inhibitory ef-
fects (Figure 2D).

AP Inbibition of HCV Infection Is Dependent
on Size and Amphipathicity

Different sizes of degenerate PS-ONs (6-, 10-, 20-,
30-, 40-, 50- and 80met) were tested for their inhibitory
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Figure 1. Effect of PS-ON on HCV
infection. (A) Huh7.5 cells were in-
fected with HCVcc in the presence of
various concentrations of 40mer
PS-ON or PO-ON (degenerate se-
quence). Two days after infection, in-
fected cells were detected by immu-
nofluorescence assay using anticore
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viations (SD). (nM) (nM)

activities in the HCVcc and HCVpp systems. Only PS-
ONs with lengths of 40mer or greater potently inhibited
HCV infection (Figure 2F). This result was confirmed
with the poly C PS-ONs (Supplementary Figure 2). To
determine the requirement of amphipathicity for antivi-
ral activity of these compounds, additional oligonucleo-
tide analogs that had diminished hydrophilic character
wete prepared and include degenerate PS-ON analogs
with either the base and/or the sugar removed (Supple-
mentary Figure 3). An additional degenerate PS-ON an-
alog containing the 2'-O-methyl ribose modification that
does not affect the amphipathicity was tested. These
analogs were tested for their inhibitory activities in the
HCVcc and HCVpp systems. Only analogs that retained
the amphipathic properties inhibited HCV infection (Fig-
ure 2F). These obsetvations suggest that the amphipathic
nature of these PS-ONss is necessary for inhibiting HCV
infection.

APs Inhibit Infection of Various Genotypes

of HCV Without Affecting Replication

and Cell Attachment

To study the effects of APs on various HCV
genotypes, HCVpp harboring E1/E2 glycoproteins
from genotypes 1la, 1b, 2a, 3a, 4a, 5a, and 6a were

tested.'¢ Infections by all genotypes were equally blocked
by the degenerate PS-ON, whereas the degenerate
PO-ON had no effect (Figure 3A). Similar observation
was obtained with the poly C compounds (Supplemen-
tary Figure 2D).

The degenerate PS-ON compound was tested for its
effect on viral replication in the HCV replicon system,
which supports viral replication without the viral entry
step. Genotype 1b and 2a subgenomic replicons were
tested. Subgenomic replicon RNAs containing luciferase
reporter were transfected into Huh7.5 cells, and the rep-
lication efficiency was determined in the presence of the
PS-ON or PO-ON control. Neither PS-ON nor PO-ON
displayed any antiviral activities in both subgenomic rep-
licon systemns (Figure 3B). To eliminate the possibility
that PS-ON may induce an antiviral state with increasing
time of exposure to cells, the HCV replicon assay was
petformed after exposure to either PS-ON or PO-ON for
24-48 hours, and no difference in replication was ob-
served (data not shown). Furthermore, Huh7.5 cells
treated with PS-ON or PO-ON did not produce any
detectable levels of type I interferons.

To dissect further the effect of PS-ON on viral entry,
we applied the HCV-LP binding assay, which has been

— 522 —

CREAS, AND |

-
g
<
=
z
<
=




E,
=
Z
=

5

“aAl-Hisvs

676 MATSUMURA ET AL

—-
bod
f=1

B o

GASTROENTEROLOGY Vol. 137, No. 2

g 100
<} 3X10%
3 80 =
‘€ <
- 60 £ o 2x1044
o QS
€ 40 VE
g B = ixio ! .
£ 20, T Figure 2. Sequence-independent
a and size- and phosphorothioation-
0 dependent effects of PS-ON on HCV
o e:\ @Qo “ %\i’é«c:}\\v @«"’\Zopifo& és Qo\i 6*‘ 6‘\ \*Q 3,\ z:@ qop infection. A series of 4Qmer PS-ONs
QQQ o & ° with specific sequences including poly
C <° D ‘2 poly G, A, T, G, TG AC, TC, and AG
3x107 120 were tested for their inhibitory effect
5 100 on MGV infection. (A) HCVce was in-
jur) ] § 80 oculated with Huh7.5 cells and treated
é% 2107 8E o with 100 nmol/L. of these homo- and
- ,g 3 “ heteropolymeric PS-ONs. Expression
g 8 1xt07” TE 40 of HCV core was detected by immu-
=~ 2 29 nofluorescence assay using anticore
T g o antibodies. (8) The HCV core Ag titers
and (C) HCV RNA levels in the culture
&2 66‘”6&" 0\*0*\/\06‘\& §\'\° V\v@ (gé& > & & Qo Q§\ qa% \* Q@ °\~§ (p ° St o medium were determined. (D) Hep3B
AR M RS S T P 0&@ Qe@ K cells were infected with HCVpp geno-
Qqéé Q°\ fype 1b and treated with these various
E F 180 ~ B Hov PS-ONs at 100 nmol/L, and iuciferase
140 5 140 CC1  activites were determined 2 days
s 120 E 1204 later. {E) Various sizes of PS-ON (10—~
b -g 80mers) at 100 nmol/L were tested in
100 5 1007 the HCVce and HCVpp systems. (F)
% 80 ™ 80+ Various structures of oligonucieo-
£ 60 g:g 60 tides, PS-ON analogue with phospho-
g 40 & a0 rothioate backbone but without the
& 2. 20 sugar or base, and PS-ON analogue
, S SRRz with 2'-O-methyl ribose modification,
0+ ' L were synthesized. Each 40mer oligo-
0 6 10 20 % 40 50 & nucleotide at 100 nmol/L was tested
(-mer) 3 o in the HGVce and HCVpp systems. All
o& & results are shown as percentages of
& infection + 8D.

developed as a surrogate system to assess HCV binding to
cells.?#-26 HCV-LP were incubated in the presence of
PS-ON and PO-ON for 1 hour at 4°C with Huh?7.5 or
Hep3B cells. Under this condition, virus attaches to the
cells but does not enter. HCV patients’ serum containing
high-level of anti-E1/E2 antibodies was included as a
control. The binding was detected with FITC-labeled
mouse monoclonal anti-E2 antibodies (Figure 3C). The
results showed that the anti-HCV antibodies inhibited
the HCV-LP binding to the cells, whereas the PS-ON and
PO-ON-treated HCV-LP did not inhibit HCV-LP binding.
To validate the HCV-LP binding assay, HCVcc binding to
cells was performed in the presence of PS-ON, PO-ON, or
HCV serum. HCV RNA bound to the cells was quantified to
determine the percentage of binding. As shown in Figure
3D, HCV antibody significantly inhibited HCVce binding to
cells (~80%), whereas PS-ON and PO-ON had minor effects
(<20%). These results suggest that the target of inhibition
by APs is at the postbinding, cell entry step.

To address the question of whether PS-ON binds to
HCV directly to inhibit HCV infection, HCV binding
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assays were performed. First, in an immunoassay format
using HCV-LP as a capture antigen, neither PS-ON nor
PO-ON showed any significant binding to HCV-LP (Ta-
ble 1). Second, sedimentation density gradient analysis
did not show a preferential cosedimentation of HCVcc
with PS-ON or PO-ON in comparison with the control
preparation (Figure 3E), indicating that neither PS-ON
nor PO-ON binds to HCVec to any significant extent. The
amount of PS-ON in the HCVcc or the control fraction
was higher than that of PO-ON, probably reflecting the
different physical properties of PS-ON and PO-ON. How-
ever, it is possible that low-affinity binding of HCV and
PS-ON could be present and required for subsequent
inhibitory action but not detected by the curtently ap-
plied assays.

APs Inbibit Viral Internalization

To determine which entry step that APs targets,
the HCVpp assay was performed in the presence of con-
canamycin A (25 nmol/L), degenerate PS-ON (100 nmol/
L), degenerate PO-ON (100 nmol/L), or AP33+ALP98
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Figure 3. Effects of PS-ON on infection of various HOV genotypes, HCV replication, and cell binding. (4) HOVpp harboring E1/E2 glycoproteins from
genotypes 1a, 1b, 2a, 3a, 4a, 5a, and Ba were inoculated into Hep3B cells and simultaneously treated with 100 nmol/L. of degenerate PS-ON and
PO-ON {40mer). Luciferase activities were determined 2 days later. (B) Subgenomic RNA of genotype 1b Cont or 2a JFH1 were transfected into
Huh7.5 cells. Four hours after transfection, a set of transfected cells was harvested as a control for transfection efficacy, and the remaining cells were
treated with 100 nmol/L of PS-ON and PO-ON. Cells were then harvested at 72 hours postiransfection and luciferase activities determined. The
replication level was presented as the ratio of the luciferase activity of the sample at 72 hours over that of 4 hours. Percentages of replication were
determined by dividing the replication level of treated over that of untreated samples. (C) Hep3B and Huh7.5 cells were incubated with 20 pug/ml
HCV-LP and 100 nmol/L. PS-ON or PO-ON at 4°C for 1 hour. The celfs were washed and incubated with anti-E2 ALP8 monoclonal antibodly for 30
minutes followed by FITC-labeled goat anti-mouse immunoglobulin for 30 minutes at 4°C. HCV-LP binding was analyzed by flow cytometry. The
black filled peaks are negative controls without the anti-E2 antibody. The gray filed peaks are positive controls showing HCV-LP binding without any
cormpounds. The black solid lines and gray dotted lines represent treatments with PS-ON and PO-ON, respectively. The gray solid line represents
samples in the presence of HCV serum that has been shown previously to inhibit HOV-LP binding. The mean fluorescence intensity (MFI) of each
sample is shown. (D) HCVec was incubated with Huh7 .5 cells in the presence of HCV serum PS-ON or PO-ON at 4°C for 1 hour. The unbound virus
was washed off, and the bound HCVce was determined by HCV RNA quantification and HCV core Ag assay. (E) HCVcc was incubated with
Cy3-labeled degenerate PS-ON or PO-ON (40mer) and subjected to iodixinol density gradient analysis as described in the online Supporting
Docurnent. Control preparation generated the same way was used for comparison. The fluorescence intensity of the fraction where infectious HCV
sedimented was determined and shown.

monoclonal anti-E2 antibodies (25 ug/mL total concen-  blocked HCV binding to the cells but had no effect on
tration) at 37°C. Hep3B cells were first incubated with ~ HCV entry. On the other hand, both concanamycin A
HCVpp at 4°C to allow binding and then at 37°C with  and the degenerate PS-ON inhibited HCV entry.

various compounds after the inoculating HCVpp was To demonstrate that APs may inhibit HCV internal-
removed. Concanamycin A is known to inhibit HCV  ization at the fusion step, a viral fusion assay was per-
entry by preventing acidification of endosome.’? As  formed with HCVpp or VSVpp as control.>* Degenerate
shown in Figure 44, AP33+ALP98 anti-E2 antibodies  sequence and poly C PS-ONs and the control PO-ONs
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Table 1. Lack of Binding of PS-ON to HCV-LP

GASTROENTEROLOGY Vol. 137, No. 2

PS-ON (nmol/L)? PO-ON (nmol/L)? AP33P
0 10 100 1000 0 10 100 1000 1 pg/mL
HCV-LP 155 + 14 105+ 9 162 + 13 116 + 10 137 + 12 15 + 10 123 + 12 157 + 13 1475 + 150
Control 147 + 13 117 + 10 120 + 11 117+ 9 111 + 10 33+ 14 100+ 8 103+ 9 153 + 16

3Cy3 labeled degenerate PS-ON and PO-ON (40mer).

5AP33 binding to HCV-LP was detected with Cy3-abeled goat anti-mouse IgG antibody.

were tested. Both PS-ON compounds showed significant
inhibition of HCVpp fusion over their control PO-ON,
whereas VSVGpp fusion was largely unaffected by either
PS-ON or PO-ON (Figure 4B and Supplementary Figure
4). The inhibitory effect of PS-ON on fusion was evident
on both the rate and maximum of fusion in the assay.

APs Inhibit HCV Infection In Vivo

To test the efficiency of APs in vivo, sodium salts
of amphipathic polymers (40mers) of poly C and poly AC
and their respective PO-ON controls were prepared. De-
generate oligonucleotides were avoided because they
might potentially contain CpG motifs, which could in-
duce endogenous interferons, although in vitro testing
did not reveal such a possibility. Human hepatocyte-
transplanted uPA/SCID mice were treated with these
compounds as described and inoculated with infectious
HCV genotype 1b patient serum. In this model, the
production of human albumin in serum was monitored
for the engraftment index of human hepatocytes. All
mice showed robust and comparable human albumin
concentrations that did not change significantly during
the experimental period (Figure 5). Only 1 animal in the
poly C PS-ON-treated group {n = 7) and 2 in the poly AC
PS-ON-treated group (n = 5) were HCV positive. The
remaining mice in both groups of mice were persistently
negative. All 7 mice in the poly C PO-ON-treated mice

(100%) and 14 of 15 untreated mice (normal saline pla-
cebo) were HCV positive (93%). The P value was statisti-
cally significance between the PS-ON- and PO-ON-
treated groups (P < .05). To rule out the possibility that
these protected mice were not intrinsically resistant to
HCV infection despite robust human hepatocytes en-
graftment, some of them were rechallenged with infec-
tious HCV inoculum several weeks later. They all became
infected, supporting the specific inhibitory effect of APs
on de novo HCV infection in this in vivo model.

Discussion

Current therapy for hepatitis C is based on pegin-
terferon and ribavirin. However, the therapy is only ef-
fective in approximately half of the patients, and there is
little option to those who fail current therapy. Recent
advances in the development of small molecule inhibitors
targeting the viral-encoded enzymes showed promise,?”
but viral resistance to these drugs is a major clinical issue
because HCV is highly variable with rapid viral prolifer-
ation and low-fidelity replication. Phosphorothiate mod-
ification of oligonucleotides was initially designed to
reduce enzymatic degradation. This modification also
increases the hydrophobicity of the phosphodiester back-
bone and thus imparts an amphipathic character to the
oligonucleotide polymer.?® Recent studies showed that

A B " Fuslon rate : Maximum fusion

1401  HCVos s 507

120 EHCV, [~
8 e 2 401 40+
§ 1004 8 B HCVpp
E g0 £ 301 30 QVSVGpp
T o 5 : »
g 60 ‘g 20 N #
£ 40 g

D
& 20 a. 107 *
Control Concan Degen Deégen HCV Ab Degen Degen PolyC Poly Degen Degen PolyC Poly
A

PS-ON PS-ON PS-ON PO-ON PS-ON PO-ON

PS-ON PO-ON PS-ON PO-ON

Figure 4. Effects of PS-ON on HCV viral entry. (A) Hep3B cells were incubated with HGVpp at 4°C for 1 hour to bind the virus and washed to remove
the unbound virus. Cells were then incubated with fresh culture medium containing 25 nmol/L. concanamycin A, 100 nmol/L. PS-ON, 100 nmol/L
PO-ON, or 25 pg/mL (total concentration) AP33+ALP98 monoclonal antibodies at 37°C for 16 hours, The luciferase activities were determined 24
hours later. Results are shown as percentages of infection + SD. (B) Fusion assay was performed with HCVpp or VSVGpp in the presence of PS-ON
(degenerate or poly C) or the PO-ON controls. The results are expressed as mean percentages (means + SD) of inhibition of either the fusion rate
at the origin of the fusion kinetics (feft panel) or the maximum fusion of the curve at 500 S (right panel) relative to incubation in the absence of the
compounds. The fusion curves are shown in Supplementary Figure 4. *P < .05 comparing the PS-ON and the corresponding PO-ON in the HCVpp
fusion assay.
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the amphipathic PS-ONs have a sequence-independent
antiviral activity against HIV-1 and other viruses,142°
suggesting that these compounds may exhibit a broad-
spectrum antiviral activity.

Our data showed that PS-ON blocked HCV infection
in the HCVcc and HCVpp systems in a similarly dose-
dependent manner, with 50% inhibitory concentration in
the nanomolar range. PS-ON had no effect on infection
of VSVGpp (an enveloped RNA virus with mechanism of
viral entry distinct from type I and II fusion) or adeno-
virus (a nonenveloped DNA virus). The amphipathic na-
ture of PS-ON is crucial for its anti-HCV property. be-
cause PS-ON analogs lacking the amphipathicity are
inactive. Polynucleotides are polyanions, a class of com-
pounds that have been shown to interfere with a variety
of viral infections.?*! However, our data showed cleatly
that the polyanionic nature is not relevant to the PS-ON
inhibitory activity because the control PO-ON is not
active in HCV inhibition. Furthermore, the inhibitory
effect of PS-ON could not be explained by the increased
stability of the phosphorothioation because the control

PO-ON has the 2'-O-methyl modification that also sta-
bilizes the oligonucleotides.1423

The inhibitory activity of APs is sequence independent
but length dependent. The degenerate APs were equally
effective as the homo- and heteropolymeric sequences,
with the exception of poly A and G, which can form
unique polypurine quartet structures in solution.3? The
minimal length of PS-ON required for potent inhibitory
activities is' 40mer, which appeats to be the same for all
active PS-ON compounds. This length-specific require-
ment may indicate a critical structural feature of the HCV
entry process that is susceptible to these compounds.
Although the degenerate PS-ON may contain CpG motif,
the other hetero- and homopolymer PS-ONs tested
herein are devoid of CpG motifs. The comparable anti-
viral activity of these compounds to the degenerate
PS-ON demonstrates that the antiviral activity is not
mediated by the potential CpG-mediated induction of
interferon. Furthermore, Huh7.5 cells express very little
ot none of the cell surface toll-like receptors involved in
recognition of nucleic acid-based motifs,** and we did
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not observe any production of endogenous type I inter-
ferons in cells exposed to either PS-ON or PO-ON,

The inhibitory activity of PS-ON appears to target the
postbinding and prereplication stage and possibly at the
fusion step of HCV infection. The fusion process appears
to be structurally conserved among many enveloped vi-
ruses and can be classified into types I and IL34 The type
I membrane fusion is exemplified by the influenza and
HIV-1 via hemagglutinin and gp41, respectively. The type
II fusion includes the alpha-viruses and flaviviruses.34-36
It has been proposed that HCV uses a type II fusion
process because of its similarity to flaviviruses.3” Our
recent study suggests that HCV and flaviviruses are in-
deed structurally similar.3® It is conceivable that the fu-
sion process of HCV may be susceptible to inhibition by
the amphipathic structure of PS-ON, but further confir-
mation is necessary. HCV entry has been shown to occur
via receptor-mediated endocytosis and is sensitive to ly-
sosomotropic agents and inhibitors of vacuolar AT-
Pases.? The finding that PS-ON acts at the postbinding
step like concanamycin A and bafilomycin Al, which are
potent inhibitors of the vacuolar ATPases, supports this
hypothesis. Furthermore, all HCV genotypes appeared to
be susceptible to the APs equally, suggesting that the
process involved is highly conserved.

HCYV entry involves multiple cellular factors, such as
CD81, SR-B1, Claudin-1, heparin sulfate, DC-SIGN, and
L-SIGN, and possibly LDL receptor.5-1931 CD81 and
Claudin-1 have been postulated to act on the postbind-
ing step.540 SR-B1 is likely involved in an early viral entry
step to the cells. Its interaction with apolipoproteins and
cholesterol transfer property appear to be important for
viral entry,*! possibly at the level of membrane fusion.*?
The overall mechanism of HCV entry is complex and
involves multiple factors and steps. The APs likely inter-
act with 1 of these essential steps to abort HCV entry.
The unique inhibitory effect of the APs on HCV infection
makes it a valuable reagent to study the molecular path-
way of HCV entry. The APs can also be developed as a
molecular probe to image and dissect biochemically this
complex process.

Our study demonstrates that APs are potent inhibitors
of HCV infection. APs are equally effective against all
HCYV genotypes and can inhibit de novo HCV infection in
the human hepatocyte-transplanted uPA/SCID mouse
model. This approach has the advantage of a novel and
highly conserved target mechanism that is distinct from
the small molecule inhibitors being developed clinically
as well as the well-established pharmacology of antisense-
based nucleic acid molecules in clinical trials. The effec-
tiveness of this class of compounds in blocking de novo
HCYV infection supports its value in liver transplantation
to prevent reinfection, which occurs invariably and pre-
sents a major problem for the management of these
patients,*? So far, prophylactic reagents based on neutral-
izing antibodies have been disappointing in clinical trials
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of liver transplantation* Our studies illustrate the
promise of this class of compounds as a potent antiviral
against HCV and support its further development in the
therapy of hepatitis C.

Supplementary Data

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2009.04.048.
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Randomized Trial of High-Dose Interferon-a-2b
Combined With Ribavirin in Patients With Chronic
Hepatitis C: Correlation Between Amino Acid
Substitutions in the Core/NS5A Region and
Virological Response to Interferon Therapy

Nami Mori, Michioc Imamura, Yoshiiku Kawakami, Hiromi Saneto, Tomokazu Kawaoka,
Shintaro Takaki, Hiroshi Aikata, Shoichi Takahashi, Kazuaki Chayama,* and Hiroshima Liver
Study Group

Department of Medicine and Molecular Science, Division of Frontier Medical Science, Programs for Biomedical
Research, Graduate School of Biomedical Sciences, Hiroshima University, Minami-ku, Hiroshima, Japan

The aim of this study was to compare the efficacy
of high-dose interferon (IFN}-u-2b with standard
dose of IFN-¢-2b in combination with ribavirin
{RBV) for patients with chronic hepatitis C virus
(HCV) infection, and to investigate the predictive
factors associated with virological response. Two
hundred Japanese patients with high HCV viral
load (>100 KIU/ml} were randomized to 6 or
10 mega units (MU) of 24-week {FN-o-2b with
RBV. Predictive factors were investigated; includ-
ing pretreatment amino acid (aa) sequences of
the core region and the IFN-sensitive determining
region (ISDR). The sustained virological response
rate was not different in the two groups (24% vs.
30%) but the incidence of depression was sig-
nificantly higher in the 10 MU group than 6 MU
group (7% vs. 0%, P=0.02). Younger age (<60)
and HCV genotype (2a/b) were significant pre-
dictors of sustained. virological response. In
patients infected with genotype 1b, substitutions
of core aa 70 and/or 91 were predictive for non-
virological response (P<0.001), and substitu-
tions in the ISDR was observed frequently in
virological responders. Early viral kinetics study
showed that serum HCV core antigen decreased
more slowly in both patients with aa 70 and/or 91
substitutions in the core and with absence of
substitutions in the ISDR. In conclusion, the use
of a higher dose of IFN-¢-2b in combination with
RBV did not improve virological response but
resulted in higher incidence of depression.
Amino acid substitutions in the core and ISDR
are predictive of virological response to the
therapy in patients with genotype 1b and high
viral load. J. Med. Virol. 81:640-649, 2009.
© 2009 Wiley-Liss, Inc.

© 2009 WILEY-LISS, INC.

KEY WORDS: HCV; interferon; ribavirin; core
region; ISDR

INTRODUCTION

Chronic hepatitis C virus (HCV) infection is the
leading cause of cirrhosis, liver failure, and hepatocel-
lular carcinoma [Kiyosawa et al., 1990; Niederau et al.,
1998]. Interferon (IFN) is an essential component of
therapy for patients with chronic HCV infection. The
most effective therapy available at present is the
combination therapy of pegylated (PEG)-IFN and
ribavirin (RBV) [Manns et al., 2001; Fried et al., 2002;
Hoofnagle et al., 2003]. Among HCV genotypes, geno-
type 1b is the most resistant genotype to IFN therapy
[Fried et al, 2002]. The limitation of use of the
combination therapy for HCV infection with genotype
1b is due to the low response rate during therapy and
high relapse rate after the therapy [McHutchison et al.,
1998]. Several studies have evaluated the potential
benefits of a larger dose of IFN with varying results
[Lindsay et al., 1996; Fried et al., 2000; Ferenci et al.,
2001; Hadziyannis et al., 2001; Di Marco et al., 2002;
Brouwer et al., 2004]. Although treatment has been
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switched to the combination of PEG-IFN and RBV in
recent years, it is important to know if a larger dose of
IFN is beneficial to patients with chronic hepatitis C.

Many molecular mechanisms through which HCV
evades host innate immunity have been reported to
date. HCV core, E2 and NS5A proteins have been
reported to inhibit the IFN signaling system [Gale et al.,
1997; Taylor et al., 1999; Blindenbacher et al., 2003;
Bode et al., 2003; Foy et al.,, 2003; Lin et al., 2006,
Ciccaglione et al., 2007]. Variations of amino acid (aa)
sequences in the E2 and the NS5A region have heen
reported to correlate with the effect of IFN therapy
[Enomoto et al, 1996; Chayama et al., 1997, 2000;
Polyak et al., 1998, 2000; Hashimoto et al., 1999; Puig-
Basagoiti et al., 2001; Pascu et al., 2004; Gaudy et al.,
2005; Brillet et al., 2007; Torres-Puente et al., 2008].
Recently, Akuta et al. [2005, 2006, 2007a, b] reported
that substitution of aa 70 and/or 91 in the core region
is an independent and significant predictor of non-
virological response.

The aim of the present study was to evaluate the
therapeutic efficacy and safety of a large dose of IFN-c-
2b combined with RBV, For this purpose, a randomized
trial was conducted to compare the therapeutic effects of
high-dose (10 MU) versus standard dose (6 MU) of IFN-
o-2b combined with RBV in patients with high HCV
viral titers. The second endpoint of this study was to
analyze the predictive factors associated with virolog-
ical response including aa substitutions in the core
region and the NSB5A region.

PATIENTS AND METHODS
Patient Selection

Two hundred adult patients enrolled into the study.
The inclusion criteria were positivity for antibody to
HCV, HCV RNA levels higher than 100 KIU/ml, and the
diagnosis of chronic hepatitis C was confirmed by liver
biopsy. The liver biopsy specimens were evaluated as
described by Desmet et al. [1994], and classified into FO
to F3. None of the patients included in this study had
liver cirrhosis (F4). Other exclusion criteria included
leukocytopenia (leukocyte <4,000/mm®) and anemia
(hemoglobin concentration <10 g/dl). Patients with
human immunodeficiency or hepatitis B super infection,
previous organ transplantation, other causes of liver
disease, poorly controlled diabetes, de-compensated
renal disease, pre-existing psychiatric disease, seizure
disorders, cardiovascular disease; hemophilia or auto-
immune type diseases were also excluded.

Study Design

The double-blind, multi-center randomized clinical
trial was conducted in 23 centers in Hiroshima city (The
Hiroshima Liver Study Group). The study was approved
by the Ethics Committee of Hiroshima University.
Written informed consent was obtained form all partic-
ipants. Eligible patients were assigned randomly into
either of the two groups without further stratification
using sequentially numbered cards in sealed envelopes.

641

Patients were randomized to treatment with combina-
tion of IFN-o-2b (Intron A, Shering Plough, Kenilworth,
Nd) at adose of 6 MU (Group A) or 10 MU (Group B) plus
RBYV (Rebetol, Shering Plough). IFN-x-2b was adminis-
tered intramuscularly daily over the initial 2 weeks and
three times weekly in the remaining 22 weeks. The dose
of RBV was adjusted according to body weight (600 mg/
day for <60 kg, 800 mg/day for >60 kg). Adverse events
were monitored clinically by careful interview and
hematological examination throughout the study. The
dosage of RBV was reduced in patients who experienced
a decrease in hemoglobin concentration to <10 g/dl.

Blood samples were taken 2 and 4 weeks after the
beginning of therapy and every 4 weeks thereafter.
Biochemical and hematological tests were performed in
each center, including alanine amino transferase (ALT).
Part of the serum samples were kept frozen at —80°C
until further analysis. Viral genotypes were determined
by phylogenetic analysis after reverse transcription
(RT)-polymerase chain reaction (PCR) and direct
sequencing.

Assessment of Efficacy

Serum HCV RNA was detected by nested PCR assay
(Cobas Amplicor HCV test v 2.0, Roche Diagnostics,
Tokyo, Japan; limit of detection, 50 IU/ml) at weeks 2,
4 and every 4 weeks during treatment and 24 weeks
after the cessation of therapy. Positive samples were
analyzed further by quantitative assay (Cobas Amplicor
HCV monitor v 2.0, Roche Diagnostics; limit of detection,
500 IU/ml).

The primary endpoint of this study was sustained
virological response, defined as undetectable serum
HCV RNA by qualitative PCR test and normalization
of ALT 24 weeks after the treatment. Non-virological
response was applied to those patients with positive
qualitative HCV RNA PCR tests in all examinations.
Virological response was used to define the remaining
patients who became PCR negative at least once during
the treatment.

Nucleotide Sequencing of the
Core and NS5A Gene

The core aa 61-110 and NS5A aa 2209-2248 (IFN-
sensitive determining region [ISDR] [Enomoto et al.,
1996]) sequences were determined by direct sequencing
using stored serum samples obtained just before
therapy. HCV RNA was extracted from serum samples
and reverse transcribed with random primers and
MMLYV reverse transcriptase (Takara Bio Inc., Shiga,
Japan). DNA fragments were amplified by PCR using
the following primers. (a) Nucleotide sequences of the
core region: The first-round PCR was performed with
primers CC11 (forward, 5'-GCC ATA GTG GTC TGC
GGA AC-3) and el4 (reverse, 5-GGA GCA GTC CTT
CGT GAC ATG-3), and the second-round PCR with
primers CC9 (forward, 5-GCT AGC CGA GTAGTG TT-
3') and el4 (reverse) as described by Akuta et al. [2005,
2006, 2007a, bl. After denaturation at 95°C for 5 min, 35
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cycles of amplification were set as follows; denaturation
for 30 sec at 94°C, annealing of primers for 1.5 min at
57°C, and extension for 1 min at 72°C, followed by final
extension at 72°C for 7 min. The second PCR was carried
out with the same amplification conditions used in
the first PCR, except that the second PCR primers were
used instead of the first PCR primers. (b) Nucleotide
sequences of ISDR in NS5A: PCR was performed with
IM11 (forward, 5'-TTC CACTAC GTG ACG GGC AT-3")
and 50A2KI (reverse, 5-CCC GTC CAT GTG TAG GAC
AT-3). After denaturation at 98°C for 30 sec, 35 cycles of
amplification were set as follows; denaturation for 10 sec
at 98°C, annealing of primers for 30 sec at 66°C, and
extension for 15 sec at 72°C, followed by final extension
at 72°C for 5 min. The amplified PCR products were
separated in a 2% agarose gel and purified by GENE-
CLEAN II kit (Q-Bio Gene, Carlshad, CA). Nuclectide
sequences were determined using Big Dye Deoxy
Terminator Cycle Sequencing kit (Perkin-Elmer, Tokyo,
Japan). Nucleotide and aa sequences were compared
with the nucleotide sequences of genotype 1b HCV-J
(Gene Bank accession number; D90208) [Kato et al.,
1990].

Quantitation of HCV Core Antigen

HCV core antigen levels were measured using stored
serum samples just before and 4 weeks after the start of
the therapy as described previously [Aoyagi et al., 1999].

Statistical Analysis

The baseline characteristics of the patients in the
two groups were compared and the differences were

Mori et al.

assessed by Chi-square test with Yate’s correction
and Mann-Whitney U-test. To assess the sustained
virological response rates, an intention-to-treat (IT'T)
analysis and a per-protocol (PP) analysis were con-
ducted. The response rates and substitutions in the core
region and the ISDR were compared by Fisher’s exact
test. All P values reported are two-sided and those less
than 0.05 were considered significant. To determine the
predictors of sustained virological and non-virological
responses, univariate and multivariate logistic regres-
sion analyses were carried out. Potential predictive
factorsincluded the following variables: age, sex, alcohol
consumption, past history of IFN monotherapy, body
mass index, ALT, hemoglobin, platelets, HCV RNA
level, genotype, liver histology, total RBV dose (adjusted
for body weight [mg/kg]) and total dose of IFN-o-2b.
The odds ratio and 95% confidence intervals (95% CI)
were also calculated. Variables with statistical signifi-
cance (P < 0.05) or marginal significance (P <0.10) on
univariate analysis were entered into multiple logistic
regression analysis to identify significant independent
factors. Statistical analyses were performed using the
SPSS software (SPSS, Inc., Chicago, IL).

RESULTS
Patient Demographics

Patient enrollment started in January 2002, and the
trial ended in March 2005. The disposition of patients
throughout the trial is shown in Figure 1. A total
of 200 patients were randomized to treatment, and
198 patients met the eligibility criteria and underwent

Assessed for eligibility (n=200)

l enrollment

|———ol Exclusion (n=2) I

l Randomization l

|

)

Allocation to Group A;
interferon-at-2b 6 MU + Ribavirin (n=98)

Allocation to Group B;
interferon-ee-2h 10 MU + Ribavirin (n=100)

I

‘Treatment for 6 months

T

b

discontinuation (n=16)
Completion of treatment course (n=82)

discontinuation (n=25)
Completion of treatment course (n=75)

l Follow-up

!

Observation for 6 months
{n=83)

!

Observation for 6 months
n=77)

Fig. 1. Flow chart of number of patients throughout the trial. A total of 200 patients were included in this
study. One hundred ninety-eight patients met the eligibility criteria and they underwent randomization,

98 patients in Group A and 100 patients in Group B.
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TABLE 1. Baseline Characteristics of the Patients

Characteristic GroupA(n=98 Group B (n=100) P
Age (years)® 55+10.3 55+11.0 0.43
Male sex (%) 63 75 0.07
Alcohol consumption (%)° 23 20 0.61
Past history of IFN monotherapy (%) 33 35 0.72
Body-mass index (kg/m?%?® 23.3+2.9 24.2+3.6 0.05
ALT QU/L)* 79.2+45.3 109.4+111.2 0.31
Hemoglobin (g/dD* 142+14 145+1.2 0.02
Platelets (x10%*/mm®)? 14.8+4.8 16.5£5.0 <0.05
HCV RNA (KIU/ml) (%)

100850 49 47

>850 51 53 0.80
Genotype (%)

1b 82 72

2a/2b 17 28 0.32

3a/3b 1 0
Liver histology™* 2.0+0.84 1.8:4£0.82 0.05

ALT, alanine aminotransferase.
*Values are mean + SD.

bPercentage of patients who consumed alcohol at >30 g/day.
Liver fibrosis was scored 0 (F0), no fibrosis; 1 (F'1), periportal expansion; 2 (F2), portoportal septa; 3 (F3),

portocentral linkage or bridging fibrosis.

randomization. Ninety-eight patients were assigned to
Group A and 100 patients to Group B. Patients were
observed for 24 weeks after the treatment. Sixteen
patients of Group A and 25 patients of Group B
discontinued the treatment because of adverse events.
Table I lists the baseline characteristics of the patients.
Hemoglobin concentrations and platelet counts were
higher in group B patients. The other parameters were
similar between the two groups.

Overall Sustained Virological Response

The effect of therapy in the two groups is summarized
in Table I1. The sustained virological response rate was
lower significantly in patients of group B with genotype
2a/b relative to those of group A (ITT analysis). This
reflects the fact that a larger number of patients dropped
out form the protocol because of the adverse effects
(1 [6%] of 16 in group A and 10 [43%] of 23 in group B,
P=0.02). All patients who stopped treatment did not
achieve sustained virological response. Patients with
genotype 1b had a lower sustained virological response
rate than those with genotype 2a/b (83/124 [27%] vs.
26/39 [67%], P < 0.01).

TABLE II. Rates of Sustained Virological Response

According to Adherence

Genotype Group A Group B P
1b n=68 n=>56

ITT 16/68 (24%) 17/56 (30%) 0.39

PP 16/53 (30%) 17/41 (41%) 0.25
2a/b n=16 n=23

T 15/16 (94%) 11/23 (48%) 0.0056

PP 15/15 (100%) 11/13 (85%) 0.21

ITT, intention to treatment analysis; PP, per protocol analysis; IFN,
interferon; RBV, ribavirin,

Dose Reduction or Discontinuation
and Adverse Events

Table III summarizes the laboratory abnormalities
and the dose reduction and discontinuation of IFN-¢-2b
and RBV due to adverse events. The overall discontin-
uation rate was 16% for group A and 25% for group B
(not significant). The most frequent adverse event
associated with dose reduction was anemia. A larger
number of patients of group B developed depression
(P=0.02).

Predictive Factors Associated With
Sustained Virelogical Response

Univariate analysis identified three parameters
that correlated with sustained virological response:
age (<60 years, P=0.007); genotype (2a/h, P <0.001);
and platelet count (>15 x 10*%mm?®, P=0.01). Multi-
variate analysis including the above variables identified
two parameters that independently predicted sustained
virological response: age (P=0.02) and genotype
(P <0.001) (Table IV).

TABLE III. Dose Reduction or Discontinuation and Adverse

Events
Group A Group B
n=98)% m)n=100)% n) P
Discontinuation 16 (16) 25 (25) 0.13
Dose reduction or discontinuation of )
IFN 20 (20) 41 (41) 0.002
RBV 36 (35) 50 (50) 0.04
IFN and/or RBV 37 (36) 55 (55) 0.01
Depression 00 7 0.02

IFN, interferon; RBV, ribavirin.
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TABLE IV. Factors Associated With Sustained Virological
Response to Combination Therapy of Interferon Plus
Ribavirin by Multivariate Analysis

Factor Category QOdds ratio (95% CI) P
Age (years) 0: >60 1

1: <60 2.420 (1.173-5.002) 0.020
Genotype 0: 1b 1

1: 2a/b 5.301 (2.401-11.702) <0.001

Only variables that achieved statistical significance (P <0.05) on
multivariate logistic regression analysis are shown.

Mori et al.

Analysis of aa Sequences in the Core Gene in
Genotype 1b Patients

The relationship between aa substitutions in the core
region and the viral response to therapy was inves-
tigated in patients with genotype 1b using 93 available
serum samples. Figure 2 shows the sequences of aa 61~
110 of the HCV core region in 93 patients just before
commencement of treatment. Table V summarizes the
relationship between the response to IFN therapy and
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Fig. 2. Sequences of amino acids 61110 in the core region at commencement of combination therapy in
93 patients infected with hepatitis C virus genotype 1b. Dashes indicate amino acids identical to the
consensus sequence of genotype 1b, and substituted amino acids are shown by standard single-letter codes.
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TABLE V. Amino Acid Substitutions in the Core Region in Non-Virologic Responders and
Virological Responders in 93 Patients With HCV Genotype 1b

Presence of

Non-virological response

Virological response

substitution site n=11)% (n) n=82) % (n) P
aa 70 64 (7) 23 (19) 0.01
aa 75 73 (8) 45 37 0.11
aa 91 82 (9) 30 (25) 0.001
aa 106 27 (3) 31 (26) 1.0
aa 110 18(2) 12 (10) 62
aa 70 and 91 45 (5) 10 (8 0.006
aa 70 and/or 91 100 (11) 44 (36) <0.001

aa, amino e'lcid.

substitutions of aa. Among aa substitutions, only
substitutions of aa 70 and 91 were associated with
non-virolpgical response. All non-virological responders
had aa substitutions at 70 or 91, or both substitutions. In
contrast, only 36 of 82 (44%) virological responders had
these substitutions (P < 0.001, Table V). In contrast to
non-virological response, these substitutions were not
predictive for sustained virological response (P=0.11—
0.82).

Next, the effect of substitutions of aa 70 and 91 in the
core region on early viral kinetics was analyzed by
dividing patients into four groups according to the
pattern of aa substitutions. As shown in Figure 3, the
most rapid decrease in core antigen was mnoted in
patients where both aa 70 and 91 were wild-type
(double-wild). In contrast, the poorest reduction was

double-wild (n=41)
§ 5
g,
g
® 3}
o
8 27
&
g
- 1
L
=0
haseline 4 weeks
wild/mutant (n=16)

HCY core satigen {log fmoifl)

]

baseline 4 weeks

Fig. 3. Reduction of amount of HCV core antigen based on the
presence of substitutions at amino acid 70 or 91. Eighty-one patients
infected with hepatitis C virus were treated with combination therapy.
Serum HCV core antigen was measured before treatment (baseline)
and at week 4. The response was divided into four patterns based on the
presence of substitution(s) at aa 70 and/or 91. Double-wild; no

noted in patients with both of aa 70 and 90 substitutions
(double-mutant). Patients with either of the two aa
substitutions (mutant/wild or wild/mutant) showed
decrease in between the above two groups. HCV core
antigen decreased below the detectable limit (20 fmol/L)
at week 4 in 37 of 40 (93%) patients who had neither aa
70 nor aa 90 substitutions. In contrast, it decreased
below the detectable limit in only 5 of 12 patients (42%)
who had both aa 70 and 91 substitutions (P =0.031).

Analysis of Nucleotide Sequence
of the NS5A Gene

The aa sequences of ISDR in the NS5A gene were
determined in 40 patients where PCR for this region
was positive. Seventeen of 40 patients had no aa

mutant/wild (a=12)

HCYV core antigen (log fmel/i)

baseline 4weeks

double-mutant (n=12)

HCY eore antigen (log fimol/l)

0

baseline 4 waeks

substitution, neither at aa 70 nor aa 91, mutant/wild; substitution
only at aa 70, wild/mutant; substitution only at aa 91, double-mutant;
substitutions at both aa 70 and 91. The fixed-quantity bottom value of
HCYV core antigen was 20 fmol/L calculated 1.8 in log, indicated by the
dotted lines.
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TABLE VI. Amino Acid Substitutions in the IFN-Sensitive Determining Region (ISDR) in
Non-Virologic Responders and Virological Responders in 40 Patients With HCV Genotype 1b

Non-virological response

Virological response

ISDR® (n=8) % (n) n=232) % (n) P
Wild-type (n=17) 36 (6) 64 (11)
Mutant-type (n =23) 9(2) 91(21) 0.012

aa, amino acid.

2Absence of amino acid substitutions was evaluated as wild-type, and presence of one or more amino acid

substitutions as mutant-type.

substitutions in ISDR (wild-type), while the remaining
23 patients had one or more substitutions (mutant-type).
The relationship between aa substitutions of ISDR
and effects of treatment was analyzed. The existence
of aa substitution in the ISDR was not predictive
for sustained virological response (P =0.137), however,
such substitution was observed frequently in virological
responders compared to non-virological responders
(66% vs. 25%, P = 0.012) (Table VI). The use of a different
categorization based on the number of substitutions in
the ISDR (0/1 vs. >2) yielded similar results, that is, not
predictive for sustained viral response but predictive for
virological responders (data not shown).

HCV core antigen decreased more rapidly in patients
with ISDR mutant-type compared to those with wild-
type (Fig. 4). HCV core antigen decreased below the
detectable limit at week 4 in only 6 of 17 (35%) patients
with wild-type. In contrast, it decreased below the
detectable limit in 19 of 23 (83%) in patients with ISDR
mutant-type (P =0.0086).

Predictive Factors Associated With Sustained
Virolegical Response and Non-Virological
Response in Patients With Genotype 1b

Finally, the predictive factors associated with sus-
tained virological response and non-virological response
were analyzed in patients with genotype 1b, including
aa substitutionsin the core region and ISDR. Univariate

Wild (n=17)

HCV core antigen (log fmold)

haseline 4 weeks

analysis showed two parameters correlated with sus-
tained virological response: age (<60 years, P=0.004)
and presence of aa substitutions in the core (aa 70 and/or
91, P=10.04). However, multivariate analysis, including
the above variables, identified no parameters that
influenced sustained virological response independ-
ently (age, P=0.89; core, P=0.07). Univariate analysis
showed two parameters correlated with non-virological
response: age (<65 years, P =0.02) and aa substitutions
in the core (double-mutant, P=0.01). Multivariate
analysis including the above variables identified aa
substitutions in the core as an independent factor that
influenced non-virological response (age, P = 0.40; core,
P =0.03) (Table VII).

DISCUSSION

Treatment of patients with chronic HCV infection had
improved by the advent of PEG-IFN and RBV combina-
tion therapy. However, a substantial number of patients
donotrespond to the combination therapy [Talianiet al.,
2006]. Several studies described attempts to improve
the sustained virological response rate in such patients.
Recent trials showed that a longer treatment period
results in a higher sustained virological response rate
[Berg et al., 2006; Sanchez-Tapias et al., 2006]. How-
ever, there are no conclusive studies that compared a
larger dose of IFN with standard dose. Although the
treatment had shifted in recent years to PEG-IFN and

Mutant (n=23)

HCY core antigen (log fmoli1)

bageline 4 weeks

Fig. 4. Reduction of amount of HCV core antigen based on the presence of substitutions in the ISDR.
Sixty-five patients infected with hepatitis C virus were treated with combination therapy. Serum HCV core
antigen was measured before treatment (baseline) and at week 4, Patients were divided into two groups
based on the presence of amino acid substitution(s) in the ISDR. Wild-type; absence of substitutions,
mutant-type; presence of one or more substitutions. The fixed-quantity bottom value of HCV core antigen
was 20 fmol/L calculated 1.8 in log, indicated by the dotted lines.
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