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Fig. 5. Effects of changes in cell parameters. (a) Extending the uninfected cell lifespan and (b) increasing the uninfected cell regeneration rate increased the virus count.
() Raising the lifespan-shortening ratio as a result of infection shortened the lifespan of infected cells, thereby decreasing the virus count. (d) Extending the latent period
shortened the period of virus production from infected cells, thereby decreasing the virus count. (e) Increasing the virus production count resulted in a linear increase in
equilibrium-phase virus count. Black circles: virus count; line: virus count approximation curve; white bars: uninfected cell count; black bars: infected cell count.

phase itself (Fig. 4b). Extending the lifespan of viruses resulted
in a linear increase in equilibrium-phase virus count (Fig. 4c).
Although the infected cell countincreased, the rate ofincrease grad-
ually declined. Changing the speed of viral movement resulted in
the equilibrium-phase virus count to eventually decline after 100
grids/tic was reached, allowing movement over an area twice the
size of the simulation space (Fig. 4d).

3.5. Uninfected Cell Parameters

Extending the lifespan of uninfected cells led to an increased
virus count during the equilibrium phase (Fig. 5a). Increasing the
uninfected cell regeneration rate also contributed to increased
equilibrium-phase virus count (Fig. 5b). In both the cases, the

increases in virus count and infected cell count were not linear,
but showed a tendency for the rate of increase to decline gradu-
ally.

3.6. Infected Cell Parameters

We carried out an investigation of the effects of variation in
the lifespan-shortening ratio on the virus count on the assumption
that cell lifespan is shortened by infection. When this ratio was
increased, the virus count decreased (Fig. 5¢). An extended latent
period was also related to a decreased virus count (Fig. 5d). How-
ever, the virus production frominfected cells led to a linear increase
in the virus count (Fig. 5e).
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Fig. 6. (a)increasing the infection rate increased the virus count in equilibrium periods, but the virus count did not change atinfection rates of 30% or more, {b) The size of the
simulation space increased not only virus count but also the cell count; however, (c) when virus and cell counts were divided by the total number of grids in the space, they
were constant for all space sizes. (d) Changing the lifespan and regeneration rate of uninfected cells in opposite directions at the same time makes it possible to change only
the celi cycle speed without altering the uninfected cell count. (e) When the ceil cycle speed was reduced, the virus count increased toward the right of the graph. This may
be because the effect of extending the lifespan of cells exceeds that of reducing their regeneration rate. (a-c and e} Black circles: virus count; line; virus count approximation

curve; white bars: uninfected celt count; black bars: infected cell count.

3.7. Infection Rate and Space Size

Increasing the infection rate caused an increase in the virus
count, but the change was minimal at an infection rate of 30%
or more. The same results were seen for infected cell count, but
a decrease in uninfected cell count resulted in a tendency for the
infection rate to decrease by up to 60% (Fig. 6a).

The larger the space, higher the increase in both virus and cell
counts (Fig. 6b). This increase was proportional to space size, how-

ever, when virus and cell counts were divided by the total number
of grids in the space they were all constant (Fig. 6¢).

3.8. Cell Cycle Speeds

Running a simulation with the initial virus count set to zero
enables only the equilibrium condition for uninfected cells to be
simulated. Changing the lifespan and regeneration rate of unin-
fected cellsin opposite directions at the same time makes it possible
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to change the cell cycle speed without altering the uninfected cell
count (Fig. 6d). We used this technique to investigate how chang-
ing the cell cycle speed affected the equilibrium phase. Fig. Ge
shows the results. Cell lifespan increases while the cell cycle speed
declines. The equilibrium virus count increased in accordance with
slower cell cycle speeds.

4, Discussion

In this study, we investigated the models using two agent-
based simulation methods to program a simple virus-host chronic
infection model. The same model written in two different program-
ming language systems displayed the same results. The transient
phase was unlike that seen in a mathematical simulation with no
overshoot in virus count, but rather a smooth transition to the equi-
librium phase. The virus count at the start of the simulation only
had effect on the rate of infection development. Increases in virus
lifespan, uninfected cell lifespan, uninfected cell regeneration rate,
virus production count from infected cells, and infection rate all led
to increased equilibrium-phase virus count. Rises in the infected
cell lifespan-shortening ratio, latent period, and cell cycle speed
decreased the equilibrium-phase virus count. The size of the space
itself had no innate effect on the equilibrium phase, but a speed of
movementof the virus that was twice the size of the space produced
the maximum virus count.

Reproducibility is the basis for all scientific study, but there are
many problems to prove it in computer simulations, such as pro-
gramming bugs. As agent-based simulation deals with numerous
agents individually, it requires vast amounts of calculations. Accu-
mulation of very small change of values leads to large differences
of results, In this study, we investigated two programs based on
two programming languages to confirm the reproducibility of our
simulation results in different programming languages. The results
of two simulations were consistent, but in StarLogo, the lifespan
parameters had a tendency to be lower than when they were set
while simulations were actually in progress. This may be because
the number of digits used in calculations was different between the
two programs. RePast performs calculations to at least eight deci-
mal places. In StarLogo, the library settings only enable settings to
be made up to five decimal places. It is probable that these small dif-
ferences accumulate during repeated calculations and are reflected
in the simulation. Ultimately, we confirmed that the differences in
results obtained by using different libraries and programming lan-
guages were not innate and by making the parameters consistent
during simulation, consistent results were obtained.

Mathematical models using formulae for HIV therapy was pub-
lished in 1994, the method has since been applied to HBV and
HCV (Ho et al., 1995; Nowak et al., 1996; Neumann et al., 1998),
and they were thought to be good reflections of the reality. In the
mathematical model, viruses and cells are conceived as individu-
als in the concept itself, but both of them are perceived en masse
when calculations are performed. However a feature of the agent-
based simulation is that it deals with individual viruses and cells as
separate agents. By moving each agent individually, it probes the
factors influencing overall shifts from the micro viewpoint. When
the space is viewed as a whole, it is possible to watch on the screen
the collective movement of groups of agents. Recently, models that
provide a visual representation of Epstein-Barr virus and HIV infec-
tion have been reported, both of which are useful for an instinctive
and intuitive understanding (Duca et al., 2007; Shapiro et al., 2008;
Castiglione et al., 2007).

In agent-based simulation model, virus count transit smoothly
to the equilibrium phase. On the other hand, virus counts over-
shoot during transient phase in mathematical model. We think
this difference is derived from technicality of different model-

ing. The difference in concepts between mathematical models and
agent-based models is the space. The mathematical model has no
space in concept, but agents move across the space in the agent-
based model. In agent-based models, the densities of virus and
cells change overtime especially in the transition phase because
of the limited space. These changes of the densities of virus and
cells lead to the dynamic change of the encounter rate of viruses
and cells. The mathematical model does not make such concept
of the density; the encounter rate is constant. This may be the
reason for the difference between two models in the transition
phase. Since no overshoot of virus counts in transient phase had
been reported from in vivo studies of hepatitis C virus and simian
immunodeficiency virus (Dahari et al., 2005; Nowak et al., 1997),
agent-based model correlates with actual biology in vivo at least for
these viruses. The increase of initial virus count at the start of sim-
ulation correlates with higher encounter rate of viruses and cells
which make the linear increasing of infection forming rate. Math-
ematical model can only express the infection formation rate as
“infected or not".

The importance of viral passing speed in the agent-based model
is also explained by the “space”. Although the virus actually moves
through the blood stream in our body and virus could not decide
theirmoving speeds by themselves, there is most appropriate speed
for virus to meet the cells on the simulation space by the highest
probability. The effect of cell cycle speed should be mentioned by
another affection of the space. A fast cell cycle speed means that
the lifespan of uninfected cells is short. Then fast cell cycle speed
leads to the short lifespan of infected cells. A higher regeneration
rate for uninfected cells results in a higher rate of infection among
uninfected cells by viruses, but in situations where viruses and cells
are dispersed around the space this is ineffective in increasing the
infection rate, as the latter depends on the probability that they will
encounter one another. As aresult, the infected cell count decreases
during the equilibrium phase, as does the virus count.

In this study, we confirmed the reproducibility and usability of
agent-based models in expressing the interaction between viruses
and cells. A feature of this simulation system is that it uses the con-
cept of space as actual space, which means that the existence of the
space becomes an additional controlling factor on the simulation
results. This is a concept that is absent from mathematical models.
The reality is that we have a spatial existence, and an advantage
of the agent-based simulation system is the fact that it accounts
for the space. Another feature of the simulation system is that it
enables the condition to be perceived in visual terms, making it
easy to understand. However it may be affected by computer per-
formance and by the limitations of programming languages or the
program itself, this system may offer a powerful tool for the future
analysis of real virus—host interaction disease.

Conflict of interest

No conflicts of interest exist for all authors.

References

Castiglione, F., Pappalardo, F., Bernaschi, M., Motta, S., 2007. Optimization of HAART
with genetic algorithms and agent-based models of HIV infection. Bioinformat-
ics 23, 3350-3355, doi: 10.1093/bioinformatics/btm408.

Dahari, H., Major, M., Zhang, X., Mihalik, K., Rice, C.M., Perelson, A.S,, Feinstone, S.M,,
Neumann, A.U., 2005. Mathematical modeling of primary hepatitis c infection:
noncytolytic clearance and early blockage of virion production. Gastroenterol-
ogy 128, 1056-1066, doi: 10.1053/j.gastro.2005.01.049.

Duca, K.A., Shapiro, M., Delgado-Eckert, E., Hadinoto, V., Jarrah, A.S., Laubenbacher,
R., Lee, K., Luzuriaga, K., Polys, N.F,, Thorley-Lawson, DA, 2007. A virtual
look at Epstein-Barr virus infection: biological interpretations. PLoS Pathog. 3,
1388-1400, doi:10.1371/journal.ppat.0030137.

Gilbert, N., Bankes, S., 2002, Platforms and methods for agent-based modeiling. Proc.
Natl. Acad. Sci. U.S.A. 99 (Suppl. 3), 7197-7198.

- 841 -



78 /. itakura et al. / BioSystents 99 (2010) 70-78

Ho, D.D., Neumann, A.U., Perelson, AS., Chen, W., Leonard, ].M., Markowitz, M.,
1995. Rapid turnover of plasma virions and CD4 lymphocytes in HIV-1 infection.
Nature 373, 123-126, doi:10.1038/373123a0.

Naniche, D,, 2009, Human immunology of measles virus infection. Curr, Top. Micro-
biol, Immunol. 330, 151-171.

Neumann, A.U. Lam, N.P. Dahari, H, Gretch, DR. Wiley, T.E., Layden,
TJ.. Perelson, AS, 1998. Hepatitis € viral dynamics in vivo and the
antiviral efficacy of interferon-alpha therapy. Science 282, 103-107,
doi:10,1126/science.282.5386.103.

Nowak, M.A,, Bonhoeffer, $., Hill, A.M., Boehme, R., Thomas, H.C., McDade, H., 1996.
Viral dynamics in hepatitis B virus infection. Proc. Natl. Acad. Sci. US.A. 93,
4398-4402.

Nowak, M.A., Lloyd. A.L.. Vasquez, G.M., Wiltrout, T.A., Wahl, L.M., Biscofberger, N.,
Williams, J.. Kinter, A, Fauci, AS.. Hirsch, V.M., Lifson, |.D., 1997, Visal dynamics
of primary viremia and antiretroviral therapy in simian immunodeficiency virus
infection, ). Virol. 71, 7518-7525.

Shapiro, M., Duca. KA., Lee, K., Delgado-Eckert, E, Hawkins, [, Jarrah, A.S., Lacben-
bacher, R,, Polys, N.F., Hadinote. V.. Thorley-Lawson, D.A., 2008, A virtual look at
Epstein-Barr visus infection: simulation mechanism. ]. Theor. Biol, 252, 633-648,
doi; 10.1016/j.jtbi.2008.01.032. .

See. H., Wark, P., 2008. hwate immune response to viral infection of the lungs.
Paediatr. Respir. Rev. 9, 243-250, doi:10.1016{j.prrv.2008.04.001.

- 842 -



Research Article

JOURNAL OF
HEPATOLOGY

‘BEASL &5

Pre-treatment prediction of response to pegylated-interferon
plus ribavirin for chronic hepatitis C using genetic polymorphism in
IL28B and viral factors

Masayuki Kurosaki', Yasuhito Tanaka’, Nao Nishida®, Naoya Sakamoto®, Nobuyuki Enomoto”’,
Masao Honda® Masaya Sugiyama?, Kentaro Matsuura’, Fuminaka Sugauchi®, Yasuhiro Asahina',
Mina Nakagawa®, Mamoru Watanabe®, Minoru Sakamoto®, Shinya Maekawa®, Akito Sakai®,
Shuichi Kaneko®, Kiyoaki Ito’, Naohiko Masaki’, Katsushi Tokunaga®, Namiki Izumi'**,
Masashi Mizokami®”’

'Division of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan; *Department of Virology, Liver Unit, Nagoya
City University, Graduate School of Medical Sciences, Nagoya, Japan; *Department of Human Genetics, Graduate School of Medicine, University
of Tokyo, Tokyo, Japan; *Department of Gastroenterology and Hepatology, Tokyo Medical and Dental University, Tokyo, Japan; SFirst
Department of Internal Medicine, University of Yamanashi, Yamanashi, Japan; ®Department of Gastroenterology, Kanazawa University,
Graduate School of Medicine, Kanazawa, Japan; "Research Center for Hepatitis and Immunology, International Medical Center of Japan,
Konodai Hospital, Ichikawa, Japan

Background & Aims: Pegylated interferon and ribavirin (PEG-
IFN/RBV) therapy for chronic hepatitis C virus (HCV) genotype 1
infection is effective in 50% of patients. Recent studies revealed
an association between the [[28B genotype and treatment
response. We aimed to develop a model for the pre-treatment
prediction of response using host and viral factors,

Methods: Data were collected from 496 patients with HCV geno-
type 1 treated with PEG-IFN/RBV at five hospitals and universities
in Japan. [L28B genotype and mutations in the core and IFN sen-
sitivity determining region (ISDR) of HCV were analyzed to pre-
dict response to therapy. The decision model was generated by
data mining analysis.

Results: The IL28B polymorphism correlated with early virologi-
cal response and predicted null virological response (NVR) (odds
ratio = 20.83, p <0.0001) and sustained virological response (SVR)
(odds ratio =7.41, p <0.0001) independent of other covariates.
Mutations in the ISDR predicted relapse and SVR independent
of 1128B. The decision model revealed that patients with the
minor [L28B allele and low platelet counts had the highest NVR
(84%) and lowest SVR (7%), whereas those with the major IL28B
allele and mutations in the ISDR or high platelet counts had the
lowest NVR (0-17%) and highest SVR (61-90%). The model had
high reproducibility and predicted SVR with 78% specificity and
70% sensitivity.

Keywords: IL28B; ISDR; Peg-interferon; Ribavirin; Data mining; Decision tree.
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Conclusions: The 1[28B polymorphism and mutations in the [SDR
of HCV were significant pre-treatment predictors of response to
PEG-IFN/RBV. The decision model, including these host and viral
factors may support selection of optimum treatment strategy for
individual patients.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is the leading cause of cirrhosis
and hepatocellular carcinoma worldwide [1]. The successful
eradication of HCV, defined as a sustained virological response
(SVR), is associated with a reduced risk of developing hepatocel-
lular carcinoma. Currently, pegylated interferon (PEG-IFN) plus
ribavirin (RBV) is the most effective standard of care for chronic
hepatitis C but the rate of SVR is around 50% in patients with
HCV genotype 1 [2,3], the most common genotype in Japan,
Europe, the United States, and many other countries. Moreover,
20-30% of patients with HCV genotype 1 have a null virological
response (NVR) to PEG-IFN/RBV therapy [4]. The most reliable
method for predicting the response is to monitor the early
decline of serum HCV-RNA levels during treatment [5] but there
is no established method for prediction before treatment.
Because PEG-IFN/RBV therapy is costly and often accompanied
by adverse effects such as flu-like symptoms, depression and
hematological abnormalities, pre-treatment predictions of those
patients who are unlikely to benefit from this regimen enables
ineffective treatment to be avoided.

Recently, it has been reported through a genome-wide associ-
ation study (GWAS) of patients with genotype 1 HCV that single
nucleotide polymorphisms (SNPs) located near the I[28B gene are
strongly associated with a response to PEG-IFN/RBV therapy in
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Table 1. Baseline characteristics of all patients, and patients assigned to the model building or validation groups.

All patients Model group Validation group
n = 496 n=2331 n =165
Gender: male 250 (50%) 170 (51%) 80 (48%)
Age (years) 57.1+£9.9 56.8 +9.7 5751102
ALT (lU/L) 786 +60.8 781+614 79.7 £ 59.6
GGT (lU/L) 59.3+636 58.9+62.0 60.2 + 66.9
Platelets (10°/L) 154 £ 53 153 £ 52 154 + 56
Fibrosis: F3-4 121 (24%) 80 (24%) 41 (25%)
HCV-RNA: >600,000 1U/mi 409 (82%) 273 (82%) 136 (82%)
ISDR mutation: s1 220 (88%) 290 (88%) 145 (88%)
Core 70 (Arg/GIn or His) 293 (59%)/203 (41%) 197 (60%)/134 (40%) 96 (58%)/69 (42%)
Core 91 (Leu/Met) 299 (60%)/197 (40%) 200 (60%)/131 (40%) 99 (60%)/66 (40%)
IL28B: Minor allele 151 (30%) 101 (31%) 50 (30%)
SVR 194 (39%) 129 (39%) 65 (39%)
Relapse 152 (31%) 103 (31%) 49 (30%)
NVR 150 (30%) 99 (30%) 51 (31%)

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Gln, glutamine; His, histidine; Leu, leucine;
Met, methionine; Minor, heterozygote or homozygote of minor allele; SVR, sustained virological response; NVR, null virological response.

Japanese [G], European [7], and a multi-ethnic population [8,9].
The last three studies focused on the association of SNPs in the
IL28B region with SVR [7-9] but we found a stronger association
with NVR [6]. In addition to these host genetic factors, we have
reported that mutations within a stretch of 40 amino acids in
the NS5A region of HCV, designated as the IFN sensitivity deter-
mining region (ISDR), are closely associated with the virological
response to IFN therapy: a lower number of mutations is associ-
ated with treatment failure [10-13]. Amino acid substitutions at
positions 70 and 91 of the HCV core region (Core70, Core91) also
have been reported to be associated with response to PEG-IFN/
RBV therapy: glutamine (Gln) or histidine (His) at Core70 and
methionine (Met) at Core91 are associated with treatment resis-
tance [4,14]. The importance of substitutions in the HCV core and
ISDR was confirmed recently by a Japanese multicenter study
[15]. How these viral factors contribute to response to therapy
is yet to be determined. For general application in clinical prac-
tice, host genetic factors and viral factors should be considered
together.

Data mining analysis is a family of non-parametric regression
methods for predictive modeling. Software is used to automati-
cally explore the data to search for optimal split variables and
to build a decision tree structure [16]. The major advantage of
decision tree analysis over logistic regression analysis is that
the results of the analysis are presented in the form of flow chart,
which can be interpreted intuitively and readily made available
for use in clinical practice [17]. The decision tree analysis has
been utilized to define prognostic factors in various diseases
[18-25]. We have reported recently its usefulness for the predic-
tion of an early virological response (undetectable HCV-RNA
within 12 weeks of therapy) to PEG-IFN/RBV therapy in chronic
hepatitis C [26].

This study aimed to define the pre-treatment prediction of
response to PEG-IFN/RBV therapy through the integrated analysis
of host factors, such as the IL.28B genetic polymorphism and var-
ious clinical covariates, as well as viral factors, such as mutations
in the HCV core and ISDR and serum HCV-RNA load. In addition,

for the general application of these results in clinical practice,
decision models for the pre-treatment prediction of response
were determined by data mining analysis.

Materials and methods

Patients

This was a multicentre retrospective study supported by the Japanese Ministry of
Health, Labor and Welfare. Data were collected from a total of 496 chronic hep-
atitis C patients who were treated with PEG-IFN alpha and RBV at five hospitals
and universities throughout Japan. Of these, 98 patients also were included in
the original GWAS analysis |6]. The inclusion criteria in this study were as follows
(1) infection by genotype 1b, (2) lack of co-infection with hepatitis B virus or
human immunodeficiency virus, (3) lack of other causes of liver disease, such
as autoimmune hepatitis, and primary biliary cirthosis, (4) completion of at least
24 weeks of therapy, (5) adherence of more than 80% to the planned dose of PEG-
IFN and RBV for the NVR patients, (6) availability of DNA for the analysis of the
genetic polymorphism of I128B, and (7) availability of serum for the determina-
tion of mutations in the ISDR and substitutions of Core70 and Core91 of HCV.
Patients received PEG-IFN alpha-2a (180 pg) or 2b (1.5 pg/kg) subcutaneously
every week and were administered a weight adjusted dose of RBV (600 mg
for <60 kg, 800 mg for 60-80 kg, and 1000 mg for >80 kg daily) which is the rec-
ommended dosage in Japan. Written informed consent was obtained from each
patient and the study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional ethics review committee.
The baseline characteristics are listed in Table 1. For the data mining analysis, 67%
of the patients (331 patients) were assigned randomly to the model building
group and 33% (165 patients) to the validation group. There were no significant
differences in the clinical backgrounds between these two groups.

Laboratory and histological tests

Blood samples were obtained before therapy and were analyzed for hematologic
tests and for blood chemistry and HCV-RNA. Sequences of ISDR and the core
region of HCV were determined by direct sequencing after amplification by
reverse-transcription and polymerase chain reaction as reported previously
[4.11]. Genetic polymorphism in one tagging SNP located near the IL28B gene
(rs8099917) was determined by the GWAS or DigiTag2 assay |27]. Homozygosity
(GG) or heterozygosity (TG) of the minor sequence was defined as having the
1£28B minor allele, whereas homozygosity for the major sequence (TT) was

2 Journal of Hepatology 2010 vol. XXX | XXX-XXX
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Fig. 1. Association between the [L28B genotype (rs8099917) and treatment response. The rates of response to treatment are shown for each rs8099917 genotype. The
rate of null virological response (NVR), relapse, and sustained virological response (SVR) is shown. The p values are from Fisher's exact test, The rate of NVR was significantly
higher (p <0.0001) and the rate of SVR was significantly lower (p <0.0001) in patients with the /L28B minor allele compared to those with the major allele. [This figure

appears in colour on the web.]

defined as having the 1L28B major allele. In this study, NVR was defined as a less
than 2 log reduction of HCV-RNA at week 12 and detectable HCV-RNA by quali-
tative PCR with a lower detection limit of 50 IU/ml (Amplicor, Roche Diagnostic
systems, CA) at week 24 during therapy. RVR (rapid virological response) and
complete early virological response (cEVR) were defined as undetectable HCV-
RNA at 4 weeks and 12 weeks during therapy and SVR was defined as undetect-
able HCV-RNA 24 weeks after the completion of therapy. Relapse was defined as
reappearance of HCV-RNA after the completion of therapy. The stage of liver
fibrosis was scored according to the METAVIR scoring system: FO (no fibrosis),
F1 (mild fibrosis: portal fibrosis without septa), F2 (moderate fibrosis: few septa),
F3 (severe fibrosis: numerous septa without cirrhosis) and F4 (cirrhosis). Percent-
age of steatosis was quantified in 111 patients by determining the average pro-
portion of hepatocytes affected by steatosis.

Statistical analysis

Associations between pre-treatment variables and treatment response were ana-
lyzed by univariate and multivariate logistic regression analysis. Associations
between the IL28B polymorphism and sequences of HCV were analyzed by Fish-
er's exact test. SPSS software v.15.0 (SPSS Inc., Chicago, IL) was used for these
analyses. For the data mining analysis, IBM-SPSS Modeler version 13.0 (IBM-SPSS
Inc., Chicago, IL) software was utilized as reported previously [26]. The patients
used for model building were divided into two groups at each step of the analysis
based on split variables. Each value of each variable was considered as a potential
split. The optimum variables and cut-off values were determined by a statistical
search algorithm to generate the most significant division into two prognostic
subgroups that were as homogeneous as possible for the probability of SVR.
Thereafter, each subgroup was evaluated again and divided further into sub-
groups. This procedure was repeated until no additional significant variable
was detected or the sample size was below 15, To avoid over-fitting, 10-fold cross
validation was used in the tree building process. The reproducibility of the result-
ing model was tested with the data from the validation patients.

Results

Association between the IL28B (rs8099917) genotype and the PEG-
IFN/RBV response

The rs8099917 allele frequency was 70% for TT (n = 345), 29% for
TG (n=146), and 1% for GG (n=5). We defined the [L.28B major
allele as homozygous for the major sequence (TT) and the IL28B
minor allele as homozygous (GG) or heterozygous (TG) for the
minor sequence. The rate of NVR was significantly higher (72%
vs. 12%, p <0.0001) and the rate of SVR was significantly lower
(14% vs. 50%, p <0.0001) in patients with the [[28B minor allele
compared to those with the major allele (Fig. 1).

Effect of the 1128B polymorphism, substitutions in the ISDR, Core70,
and Core91 of HCV on time-dependent clearance of HCV

Patients were stratified according to their IL28B allele type, the
number of mutations in the ISDR, the amino acid substitutions
in Core70 and Core91, and the rate of undetectable HCV-RNA at
4, 8, 12, 24, and 48 weeks after the start of therapy was analyzed
(Fig. 2A-D). The rate of undetectable HCV-RNA was significantly
higher in patients with the 1L28B major allele than the minor
allele, in patients with two or more mutations in the ISDR com-
pared to none or only one mutation, in patients with arginine
(Arg) at Core70 rather than Gln/His, and in patients with leucine
(Leu) at Core91 rather than Met. The difference was most signif-
icant when stratified by the IL28B allele type. The rate of RVR and
cEVR was significantly more frequent in patients with the /L28B
major allele compared with those with the /L28B minor allele:
9% vs. 3% for RVR (p<0.005) and 57% vs. 11% for cEVR
(p <0.0001). These findings suggest that IL28B has the greatest
impact on early virological response to therapy.

Association between substitutions in the ISDR and relapse after the
completion of therapy

Patients were stratified according to the [L28B allele, number of
mutations in the ISDR, and amino acid substitutions of Core70
and Core91, and the rate of relapse was analyzed (Fig. 3A and
B). Among patients who achieved cEVR, the rate of relapse was
significantly lower in patients with two or more mutations in
the ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.005) (Fig. 3 B). On the other hand, the relapse
rate was not different between the /1288 major and minor alleles
within patients who achieved RVR (3% vs. 0%) or cEVR (28% vs.
29%) (Fig. 3A). Amino acid substitutions of Core70 and Core91
were not associated with the rate of relapse (data not shown).

Factors associated with response by multivariate logistic regression
analysis

By univariate analysis, the minor allele of IL28B (p <0.0001), one
or no mutations in the ISDR (p=0.03), high serum level of
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Fig. 2. Effect of JL28B mutations in the ISDR, Core70 and Core91 of HCV on time-dependent clearance of HCV., The rate of undetectable HCV-RNA was plotted for serial
time points after the start of therapy (4, 8, 12, 24, and 48 weeks) and for 24 weeks after the completion of therapy. Patients were stratified according to (A) the IL28B allele
(minor allele vs. major allele), (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more mutations), amino acid substitutions of (C) Core70 (Gln/His vs. Arg), and

(D) Core91 (Met vs. Leu). The p values are from Fisher’s exact test.

HCV-RNA (p = 0.035), GIn or His at Core70 (p <0.0001), low plate-
let counts (p=0.009), and advanced fibrosis (p =0.0002) were
associated with NVR. By multivariate analysis, the minor allele
of IL28B (OR = 20.83, 95%Cl = 11.63-37.04, p <0.0001) was associ-
ated with NVR independent of other covariates (Table 2). Notably,
mutations in the ISDR (p=0.707) and at amino acid Core70
(p=0.207) were not significant in multivariate analysis due to
the positive correlation with the IL28B polymorphism (p = 0.004
for ISDR and p <0.0001 for Core70, Fig. 4).

Genetic polymorphism of IL28B also was associated with SVR
(OR = 7.41, 95% Cl = 4.05-13.57, p <0.0001) independent of other
covariates, such as platelet counts, fibrosis, and serum levels of
HCV-RNA. Mutation in the ISDR was an independent predictor
of SVR (OR=2.11, 95% Cl = 1.06-4.18, p = 0.033) but the amino
acid at Core70 was not (Table 3).

Factors associated with the IL28B polymorphism

Patients with the [128B minor allele had significantly higher
serum level of gamma-glutamyltransferase (GGT) and a higher

frequency of hepatic steatosis (Table 4). When the association
between the I[28B polymorphism and HCV sequences was ana-
lyzed, GIn or His at Core70, that is linked to resistance to PEG-
IFN and RBV therapy [4,14,15], was significantly more frequent
in patients with the minor 1L28B allele than in those with the
major allele (67% vs. 30%, p<0.0001) (Fig. 4). Other HCV
sequences with an IFN resistant phenotype also were more pre-
valent in patients with the minor IL28B allele than those with
the major allele: Met at Core91 (46% vs. 37%, p = 0.047) and one
or no mutations in the ISDR (94% vs. 85%, p = 0.004) (Fig. 4).

Data mining analysis

Data mining analysis was performed to build a model for the pre-
diction of SVR and the result is shown in Fig. 5. The analysis
selected four predictive variables, resulting in six subgroups of
patients. Genetic polymorphism of IL28B was selected as the best
predictor of SVR. Patients with the minor IL28B allele had a lower
probability of SVR and a higher probability of NVR than those
with the major [[28B allele (SVR: 14% vs. 50%, NVR: 72% vs.
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Fig. 3. Association between relapse and the IL28B allele or mutations in the
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mutations). The p values are from Fisher's exact test. [This figure appears in
colour on the web.|

12%). After stratification by the IL28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (=140 x 10°/L): for the minor I[28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major IL28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major IL28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major [L28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 1U/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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Fig. 4. Associations between the [L28B allele and HCV sequences, The
prevalence of HCV sequences predicting a resistant phenotype to IFN was higher
in patients with the minor IL28B allele than those with major allele. (A) 0 or 1
mutation in the ISDR of NS5A, (B) Gln or His at Core70, and (C) Met at Core91. p
values are from Fisher's exact test. [This figure appears in colour on the web.]

portion of patients with advanced fibrosis (F3-4) was 39% (84/
217) in patients with low platelet counts (<140 x 10%/L) com-
pared to 13% (37/279) in those with high platelet counts
(=140 x 10°/L).

Validation of the data mining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of
SVR and NVR in each subgroup was calculated. The rates of SVR
and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(r*=0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV [28.29] and nitazoxianide [30], are in
clinical trials and may become available in the near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
IL28B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The [L28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The results of the current study
and the findings of the GWAS studies [6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.

Journal of Hepatology 2010 vol. XXX | XXX-XXX 5

Please cite this article in press as: Kurosaki M et al, Pre-treatment prediction of response to pegylated-interferon plus ribavirin for chronic hepatitis C
using genetic polymorphism in [[28B and viral factors. J Hepatol (2010), doi:10.1016/j.jhep.2010.07.037

- 847 -

Viral Hepatitis



Viral Hepatitis

Research Article

Table 2. Factors associated with NVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate

Odds 95%ClI p value Odds 95%CI p value

ratio ratio
Gender: female 0.98 0.67-1.45 0.938 1.29 0.75-2.23 0.363
Age 1.01 0.97-1.01 0.223 0.99 0.97-1.02 0.679
ALT 1.00 1.00-1.00 0.867 1.00 0.99-1.00 0.580
GGT 1.004 1.00-1.01 0.029 1.00 1.00-1.00 0.715
Platelets 0.95 0.91-0.99 0.009 0.92 0.87-0.98 0.006
Fibrosis: F3-4 223 1.46-3.42 0.0002 1.97 1.09-3.57 0.025
HCV-RNA: 2600,000 IU/ml 1.83 1.05-3.19 0.035 249 1.17-5.29 0.018
ISDR mutation: s1 2.14 1.08-4.22 0.030 0.96 0.78-1.18 0.707
Core 70 (GIn/His) 3.23 2.16-4.78 <0.0001 1.41 0.83-2.42 0.207
Core 91 (Met) 1.39 0.95-2.06 0.093 1.21 0.72-2.04 0.462
1L288: Minor allele 19.24 11.87-31.18 <0.0001 20.83 11.63-37.04 <0.0001

ALT, alanine aminotransferase: GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; GIn, glutamine; His, histidine: Met, methionine; Minor

allele, heterozygote or homozygote of minor allele.

Table 3. Factors associated with SVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate

Odds 95%Cl p value Odds 95%Cl p value

ratio ratio
Gender: female 0.81 0.56-1.16 0.253 0.86 0.55-1.35 0.508
Age 0.97 0.95-0.99 0.0003 0.99 0.96-1.01 0.199
ALT 1.00 1.00-1.00 0.337 1.00 1.00-1.01 0.108
GGT 1.00 1.00-1.00 0.273 1.00 1.00-1.00 0.797
Platelets 4:42 1.01-116 <0.0001 1.13 1.08-1.19 <0.0001
Fibrosis: FO-2 2.64 1.654.22 <0.0001 1.87 1.07-3.28 0.029
HCV-RNA: <600,000 1U/ml 249 1.55-3.98 0.0001 2D 1.55-4.90 0.001
ISDR mutation: 2s 3.78 2.14-6.68 <0.0001 211 1.06-4.18 0.033
Core 70 (Arg) 1.61 1.11-2.28 0.012 0.84 0.52-1.35 0.470
Core 91 (Leu) 1.28 0.88-1.85 0.185 1.26 0.81-1.96 0.300
1L28B: Maijor allele 6.21 3.75-10.31 <0.0001 7.41 4.05-13.57 <0.0001

ALT, alanine aminotransferase; GGT, Gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Leu, leucine; Major allele, homozygote of

major allele.

Among baseline factors, IL28B was the most significant pre-
dictor of NVR and SVR. Moreover, the 1L28B allele type was also
correlated with early virological response: the rate of RVR and
CEVR was significantly high for the IL28B major allele compared
to the 1L28B minor allele: 9% vs. 3% for RVR and 57% vs. 11% for
cEVR (Fig. 2). On the other hand, the relapse rate was not differ-
ent between the [L28B genotypes within patients who achieved
RVR or cEVR (Fig. 3). We believe that optimal therapy should
be based on baseline features and a response-guided approach.
Our findings suggest that the IL28B genotype is a useful baseline
predictor of virological response which should be used for
selecting the treatment regimen: whether to treat patients with
PEG-IFN and RBV or to wait for more effective future therapy
including direct acting antiviral drugs. On the other hand, base-
line IL28B genotype might not be suitable for determining the
treatment duration in patients who started PEG-IFN/RBV therapy

and whose virological response is determined because the IL28B
genotype is not useful for the prediction of relapse. The duration
of therapy should be personalized based on the virological
response. Future studies need to explore whether the combina-
tion of baseline IL28B genotype and response-guided approach
further improves the optimization of treatment duration.

The SVR rate in patients having the IL28B minor allele was
14% in the present study while it was 23% in Caucasians and 9%
in African Americans in a study by McCarthy et al. [33]. On the
other hand, the SVR rate in patients having the IL28B minor allele
was 28% in genotypes 1/4 compared to 80% in genotypes 2/3 in a
study by Rauch et al. [9]. These data imply that the impact of the
IL28B polymorphism on response to therapy may be different in
terms of race, geographical areas, or HCV genotypes, and that our
data need to be validated in future studies including different
populations and geographical areas before generalization.
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IL28B major allele IL28B minor allele p value
n =345 n=151
Gender: male 166 (48%) 84 (56%) 0.143
Age (years) 57 +10 57+ 10 0.585
ALT (lUL) 79 £ 60 78 + 62 0.842
Platelets (10°/L) 153 + 54 155+ 52 0.761
GGT (lUiL) 51 +45 78 £ 91 0.001
Fibrosis: F3-4 76 (22%) 45 (30%) 0.063
Steatosis:
>10% 16/88 (18%) 13/23 (57%) 0.024
>30% 6/88 (7%) 6/23 (26%) 0.017
HCV-RNA: >600,000 1U/ml 284 (82%) 125 (83%) 1.000

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase.

Four GWAS studies have shown the association between a
genetic polymorphism near the IL28B gene and response to
PEG-IFN plus RBV therapy. The SNPs that showed significant
association with response were rs12979860 (8] and rs8099917
[6,7,9]. There is a strong linkage-disequilibrium (LD) between
these two SNPs as well as several other SNPs near the IL28B gene
in Japanese patients [34] but the degree of LD was weaker in Cau-
casians and Hispanics [8]. Thus, the combination of SNPs is not
useful for predicting response in Japanese patients but may
improve the predictive value in patients other than Japanese
who have weaker LD between SNPs.

Other significant predictors of response independent of IL28B
genotype were platelet counts, stage of fibrosis, and HCV RVA
load. A previous study reported that platelet count is a predictor
of response to therapy [35], and the lower platelet count was
related with advanced liver fibrosis in the present study. The
association between response to therapy and advanced fibrosis
independent of the 1L28B polymorphism is consistent with a
recent study by Rauch et al. [9].

There is agreement that the viral genotype is significantly
associated with the treatment outcome. Moreover, viral factors
such as substitutions in the ISDR of the NS5A region [10] or in
the amino acid sequence of the HCV core [4] have been studied
in relation to the response to IFN treatment. The amino acid
Gln or His at Core70 and Met at Core91 are repeatedly reported
to be associated with resistance to therapy [4,14,15] in Japanese
patients but these data wait to be validated in different popula-
tions or other geographical areas. In this study, we confirmed that
patients with two or more mutations in the ISDR had a higher
rate of undetectable HCV-RNA at each time point during therapy.
In addition, the rate of relapse among patients who achieved
cEVR was significantly lower in patients with two or more muta-
tions in ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.05). Thus, the ISDR sequence may be used to
predict a relapse among patients who achieved virological
response during therapy, while the IL28B polymorphism may
be used to predict the virological response before therapy. A
higher number of mutations in the ISDR are reported to have
close association with SVR in Japanese [11-13,15,36] or Asian
[37,38] populations but data from Western countries have been
controversial [39-42]. A meta-analysis of 1230 patients including
525 patients from Europe has shown that there was a positive

correlation between the SVR and the number of mutations in
the ISDR in Japanese as well as in European patients [43] but this
correlation was more pronounced in Japanese patients. Thus,
geographical factors may account for the different impact of ISDR
on treatment response, which may be a potential limitation of
our study.

To our surprise, these HCV sequences were associated with
the IL28B genotype: HCV sequences with an IFN resistant pheno-
type were more prevalent in patients with the minor I[28B allele
than those with the major allele. This was an unexpected finding,
as we initially thought that host genetics and viral sequences
were completely independent. A recent study reported that the
1L28B polymorphism (rs12979860) was significantly associated
with HCV genotype: the IL28B minor allele was more frequent
in HCV genotype 1-infected patients compared to patients
infected with HCV genotype 2 or 3 [33]. Again, patients with
the IL28B minor allele (IFN resistant genotype) were infected
with HCV sequences that are linked to an IFN resistant pheno-
type. The mechanism for this association is unclear, but may be
related to an interaction between the 1L28B genotype and HCV
sequences in the development of chronic HCV infection as dis-
cussed by McCarthy et al., since the I[28B polymorphism was
associated with the natural clearance of HCV [44]. Alternatively,
the HCV sequence within the patient may be selected during
the course of chronic infection [45,46]. These hypotheses should
be explored through prospective studies of spontaneous HCV
clearance or by testing the time-dependent changes in the HCV
sequence during the course of chronic infection.

How these host and viral factors can be integrated to predict
the response to therapy in future clinical practice is an important
question. Because various host and viral factors interact in the
same patient, predictive analysis should consider these factors
in combination. Using the data mining analysis, we constructed
a simple decision tree model for the pre-treatment prediction
of SVR and NVR to PEG-IFN/RBV therapy. The classification of
patients based on the genetic polymorphism of 1128B, mutation
in the ISDR, serum levels of HCV-RNA, and platelet counts, iden-
tified subgroups of patients who have the lowest probabilities of
NVR (0%) with the highest probabilities of SVR (90%) as well as
those who have the highest probabilities of NVR (84%) with the
lowest probability of SVR (7%). The reproducibility of the model
was confirmed by the independent validation based on a second
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group of patients. Using this model, we can rapidly develop an
estimate of the response before treatment, by simply allocating
patients to subgroups by following the flow-chart form, which
may facilitate clinical decision making. This is in contrast to the
calculating formula, which was constructed by the traditional
logistic regression model. This was not widely used in clinical
practice as it is abstruse and inconvenient. These results support
the evidence based approach of selecting the optimum treatment
strategy for individual patients, such as treating patients with a
low probability of NVR with current PEG-IFN/RBV combination
therapy or advising those with a high probability of NVR to wait
for more effective future therapies. Patients with a high probabil-
ity of relapse may be treated for a longer duration to avoid a
relapse. Decisions may be based on the possibility of a response
against a potential risk of adverse events and the cost of the ther-
apy, or disease progression while waiting for future therapy.
We have previously reported the predictive model of early
virological response to PEG-IFN and RBV in chronic hepatitis C

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the IL28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the IL28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low
lipid levels [48] which suggest that IL28B genotypes may be also
associated with steatosis. In fact, there were significant correla-
tions between the [L28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of
GGT, another predictive factor in our previous study, was signif-
icantly associated with IL28B genotype in the present study
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Fig. 6. Validation of the CART analysis. Each patient in the validation group was
allocated to one of the six subgroups by following the flow-chart form of the
decision tree. The rate of (A) sustained virological response (SVR) and (B) null
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axis represents the rate of SVR or NVR in the model building patients and the Y-
axis represents those in the validation patients. The rate of SVR and NVR in each
subgroup of patients is closely correlated between the model building and the
validation patients (correlation coefficient: r? = 0.98-0.99).

(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the I1L28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the IL28B genotype.

In conclusion, the present study highlighted the impact of the
1L28B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to
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support selection of the optimum treatment strategy for individ-
ual patients, which may enable personalized treatment.
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Abstract Hepatitis C virus (HCV) is a single-stranded
RNA virus known for its high genetic variability owing to
the lack of a proofreading mechanism of its RNA depen-
dent RNA polymerase. Until now, numerous studies have
been undertaken to clarify the correlation between pre-
treatment HCV genetic variability and the therapeutic
response. Even with the recent combination therapy of
peginterferon plus ribavirin for chronic hepatitis C, viral
response is variable, and only half of treated patients could
clear the virus [sustained viral response (SVR)]. In this
review, the contribution of viral genetic variability affect-
ing the treatment outcome is discussed according to each
HCV genomic region.

Keywords Hepatitis C virus - Peginterferon plus
ribavirin therapy - Viral predictive factor

Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver
diseases worldwide; 180 million people, or some 3% of the
world’s population, are infected with HCV. Seventy per-
cent of acute infections become persistent, and 50-75% of
patients with chronic HCV infection progress to hepato-
cellular carcinoma. Though interferon-based therapy for
HCV has been greatly advanced, half of patients still
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cannot eradicate the virus [sustained virological response
(SVR)] even with the most recent combination therapy of
peginterferon plus ribavirin [1].

HCV has a 9.5 kb single positive stranded RNA gen-
ome, and contains a single open reading frame flanked by
5" and 3’ untranslated regions (UTR). HCV is classified as
hepacivirus, a family of flaviridae. HCV is known for its
high mutation rate owing to the lack of proofreading
activity of its RNA dependent RNA polymerase
(14 x 107" to 1.9 x 107" substitutions/nucleotide/year
[2, 3]). In accord with this mechanism, HCV presents a
high degree of genetic variability, and the resultant
molecular polymorphisms of HCV are suspected as one of
the major causes determining the treatment responses.

HCYV genotypes

By phylogenetic analysis, HCV is classified into six major
genotypes, and then further classified into subtypes in each
genotype determined by their genetic distances [4]. Among
all the viral factors investigated, viral genotypes are the
most important, and a well-established predictive factor
determining the treatment outcome. Geographically,
genotypes 1-3 are associated with worldwide epidemic,
while genotypes 4-6 are endemic. In comparison among
major genotypes 1-3, a high SVR rate (~84%) was
observed in patients with genotype 2 or 3, while a low SVR
rate( ~42%) was observed in genotype | [5-7]. Comparing
between genotypes 2 and 3, genotype 2 could have more
favorable outcomes [8, 9]. The study of genotype 4 was
mainly from Egypt, and the SVR rate was reported to be
intermediate (55-69%) [10, 1 1]. In genotypes 5 and 6, the
SVR rate has been considered to be intermediate between
the SVR of genotype 1 and genotypes 2-3, but studies
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focusing on the response of genotype 5 and 6 are limited
because of their minor distribution [12].

Genomic regions and the treatment response
5'UTR

The 5'UTR of the HCV genome is 341 nucleotides long,
and is the most conserved region throughout the HCV
genome among different HCV genotypes. The 5'UTR
together with the first 30 nucleotides of the core region acts
as an internal ribosome entry site (IRES) regulating the
cap-independent translation of HCV RNA to polyprotein.
Secondary and tertiary conformation of IRES has the
critical role in the initiation of polyprotein translation, and
an IRES contains four highly structured domains (Domain
I-1V). Since the structures play a pivotal role in HCV
replication, changes in the conformation of an IRES, as
well as changes in primary nucleotide sequence, result in a
decrease of efficiency of protein translation. Therefore, it
was suspected that IRES heterogeneity might correlate
with the response to interferon-based therapy clinically.
Several studies for interferon-based therapy, including
peginterferon plus ribavirin, have been undertaken to date,
however, its clinical value as a predictive factor for therapy
is still in question, since most of these studies showed
conflicting results of the relationship between 5'UTR
variability and treatment response [13-18].

Core

The core protein is considered to form the viral nucleo-
capsid of HCV, and its mature form consists of a secondary

structure made of a large folded multimer of ~ 24 mono- -

mers. It is 21 kDa in size, and is separated into two
domains, an N-terminal two-thirds hydrophilic domain
(D1, residues 1-117) and a C-terminal one-third hydro-
phobic domain (D2, residues 118-170), respectively. The
D1 domain contains many positively charged amino acids,
and is implicated to bind RNA. The D2 domain is required
for proper folding of domain D1. The mature core protein
shares high homology among HCV genotypes. The core
protein has been reported to interact with a variety of
cellular proteins and to influence numerous host cell
functions, such as its proapoptotic or antiapoptotic actions
[19], immunomodulatory roles [20], or oxidative stress
[21]. Recently, much attention has been paid to its rela-
tionships with liver steatosis, insulin resistance and hepa-
tocellular carcinoma [22, 23]. HCV core proteins of
genotype 3a and b were reported to interfere with the
insulin signaling pathway in different ways depending on
genotype-specific mechanisms [24].

@ Springer

As its contribution to the clinical treatment response,
Akuta et al. first reported that substitutions of the amino
acid 70 and 91 in the core protein were significantly related
to the final outcome in the 48 weeks of interferon plus
ribavirin combination therapy in 50 Japanese patients
infected with genotype Ib HCV [25]. In successive studies,
they reported that substitutions in those core regions were
related to the final outcome, viral kinetics, early viral
response, and extended 72 weeks of therapy [26-29]. They
also reported substitution of core protein was associated
with elevated alpha-fetoprotein, and hepatocarcinogenesis
[29, 30]. Correlation of substitutions in the core protein in
the treatment of interferon-based therapy was also reported
in several other studies [31-33].

E2

E2 is a type I transmembrane protein 70 kDa in size which
assembles with El protein forming a heterodimer to
become the mature viral envelope. It is a glycoprotein
possessing several potential conserved glycosylation sites.
Because the protein is essential for the virus’s entry into
hepatocytes, E2 interacts with potential HCV receptors,
CD81, SR-BI [34] and occludin [35]. In E2, hypervariable
region 1 (HVR1) was identified in the first 27 amino acids
of the E2 ectodomain. HVR1 is known for its significant
genomic variability and is suspected to be the target of
antibodies. Its significant genetic variability could be
induced by antibody selection.

PePHD

A region between amino acid residues of E2 659-670 is
well-conserved, and is known as the phosphorylation site
of PKR/elF-2a phosphorylation homology domain (PeP-
HD). The PePHD motif is similar to the phosphorylation
sites of PKR and elF2alpha. The PePHD has been shown to
interact with PKR, one of the important antiviral proteins
of the host cell, and inhibit antiviral action of PKR in vitro,
suggesting a possible mechanism of HCV for countering
the antiviral effects of interferon [36-38]. According to
those observations, mutations in this PePHD were sus-
pected to influence the clinical response to interferon-based
therapy. However, the results of those studies are con-
flicting, and its clinical importance as the predictive value
for treatment outcome has been controversial. Though
some studies supported its significance [39-42], other
recent studies could not find evident correlations [43—49].

NS5A

NSS5A is phosphorylated on multiple serine and threonine

residues, and forms two distinct molecules of basal

- 8564 -



J Gastroenterol (2009) 44:1009-1015

1011

phosphorylated form (p56) and hyperphosphorylated form
(p58), being 56 and 58 kDa in size, respectively. The
protein has three distinct domains (domains I, IT, and IIT)
being separated by low complexity sequences (LCS I and
I). The study of the X-ray crystal structure analysis of
domain I suggested that the NS5A is a dimer, and it forms a
large putative RNA binding groove. Recent genetic study
has shown many residues in domain II are essential for
RNA replication, while domain III is less conserved and
might be dispensable. Though the true function of NS5A is
still under investigation, the protein is considered as a
component of the HCV replication complex, where it
modulates HCV replication through interaction with other
viral proteins. Among all HCV proteins, NS5A has been
most extensively explored for its relationship to interferon-
based therapy.

ISDR and PKR-BD

The interferon sensitivity determining region (ISDR),
located in the C-terminal half of NS5A, was originally
identified as the 40 amino acid region (aa2209-2248)
significantly related to the treatment outcome in the
monotherapy of interferon-alpha in Japanese patients
infected with genotype-1b HCV [50, 51]. The “mutant-
type,” having 4 or more mutations in the region, was
associated with a high SVR rate (16/16: 100%), while the
SVR rate was low in the “intermediate-type” [1-3
mutations: SVR rate 5/38 (13%)], or the “wild-type” [no
mutation: SVR rate 30/30 (0%)]. Following studies from
Japan were also concordant with the initial study [52-54].
However, controversy occurred as to the predictive value
of ISDR since studies from Europe and North America
did not necessarily report evident correlations between
ISDR and treatment outcomes [55-60]. However, a recent
meta-analysis study clearly confirmed its value, even in
the Western countries [61]. Different results observed in
North America and Europe might have been been caused
partly by smaller rates of mutant-type patients in Western
countries, and by the different treatment regimen in Japan
compared to Western countries [62-66]. Though ISDR
was found in the era of interferon monotherapy, its pre-
dictive value in the treatment outcome of the recent pe-
ginterferon plus ribavirin regimen has continued to be
reported in most large cohort studies [26, 33, 67-69]. In
searching for the biological ISDR function, Gale et al.
reported that NS5A represses PKR through a direct
interaction with the PKR binding domain (PKR-BD,
2a2209-2274) and that the PKR-BD contains the ISDR
[70]. Thus, they insisted that inactivation of PKR may be
one mechanism by which HCV avoids the antiviral effects
of interferon.

V3 domain and IRRDR

The V3 domain located in the C-terminal region of NS5A
(aa2356-2379) was originally identified as a genomic
region of genotype-1b HCV showing a marked heteroge-
neity between Japanese and American isolates [71]. A
correlation of its mutations and the response to interferon-
based therapy was first reported by Duverlie et al., and
they reported that sequences of the V3 domain were
highly conserved in resistant strains, but were highly
variable in sensitive strains [72]. Most following studies
also reported concordant results [46, 47, 68, 73, 74].
El-Shamy et al. reported a high degree of sequence
variations in the V3 and the flanking pre-V3 regions
(aa2334-2355) of NS5A, and they designated the region
as the interferon/ribavirin resistance-determining region
(IRRDR) (aa2334-2379). They reported that substitution
number in the IRRDR was closely correlated with early
virological response (EVR) by week 16 in 47 HCV-1b-
infected patients treated with peginterferon plus ribavirin
[75]. In their follow up study for the same group of
patients, sequence variation in the IRRDR was also sig-
nificantly related to the final outcome. The positive pre-
dictive values of IRRDR of 6 or more for SVR was 89%
(16/18), whereas negative predictive values of IRRDR of
5 or less for non-SVR was 81% (22/27) [76].

Other region in NS5A

Pfeiffer et al. reported that two responsible mutations
resided in the C-terminal region of NS5A: G404S and
E442G were considered as mechanisms accounting for
ribavirin resistance during HCV RNA replication, using
HCV replicon-containing cell lines in the presence of
increasing concentrations of ribavirin [77]. However, the
clinical importance of such mutations and their relevance
to ribavirin-related therapy is not evident.

NS5B

NS5B is 68 kDa proteins in size, and known as an RNA-
dependent RNA polymerase. The enzyme synthesizes
HCV-RNA using HCV-RNA as a template. NS5B is
considered as one component of the HCV-RNA replication
complex, and its activity as an RNA polymerase is modu-
lated by NS3 and NSSA. Since this enzymatic activity is
critical for HCV replication, the correlation between its
mutations and treatment response has been explored, to
date, in several studies.

Though the viral inhibitory mechanism of ribavirin in
the treatment of HCV is unknown, its action as a mutagen
is especially focused on the NS5B protein. During
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ribavirin monotherapy, Young et al. reported that a spe-
cific mutation of NS5B amino acid 415 Phe-to-Tyr
(F415Y) had emerged in five out of five patients infected
with genotype-la HCV [78]. To clarify the biological
relevance of this mutation in ribavirin monotherapy, they
introduced NS5B F415Y mutations into subgenomic HCV
replicons, and reported that they observed different drug
sensitivities in HCV replicons according to this NS5B
polymorphism in a ribavirin dose-dependent manner.
However, subsequent studies done in Japan and the UK
could not find an evident relationship between specific
selection of NS5B 415 mutations and the treatment of
combination therapy of peginterferon and ribavirin.
Sugihara et al. reported that they did not find specific
mutations in NS5B 415 in the both serum obtained before
and after therapy in 18 patients infected with genotype-1b
HCV [79], and Ward et al. could not find evidence of a
relationship of these mutations in the therapy of pegin-
terferon and ribavirin in 15 patients infected with geno-
type-la [80]. Hamano et al. explored genetic changes of
genotype-1b HCV during the treatment of interferon-
alpha and ribavirin, and reported that mutations at posi-
tions 300-358 of NS5B, including polymerase motif B-E,
occurred more frequently in SVR patients or in end-of-
treatment response patients when compared to null-
response patients [81]. Mutation rate of NS5B in patients
undergoing treatment with ribavirin monotherapy was
also explored in patients treated with peginterferon/riba-
virin therapy, since error catastrophe from an increase in
mutation rate could be a possible mechanism of ribavirin
in HCV infection [82]. Lutchman et al. reported that
ribavirin was only associated with an early transient
increase in the HCV mutation rate, but lethal mutagenesis
and error catastrophe was unlikely to be the sole mech-
anism of ribavirin [83].

Conclusions

Viral genetic variability of HCV and its potential correla-
tion to the interferon-based treatment response is briefly
discussed here. Understanding the biological features of
drug-resistant HCV, may helpl us to predict the treatment
response in each patient in advance. Furthermore, though
trials of HCV specific protease inhibitors are on-going, and
are just about to be incorporated into the new standard
therapy, understanding those biological features of HCV
would further clarify and focus which patients will most
benefit from being treated with the new treatment regi-
mens. This viral genetic approach could be crucial even in
the era of HCV protease inhibitors for achieving global
eradication of HCV.
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