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Hepatic iron accumulation

Most of the body’s excess iron is stored in the liver, and in
the normal adult male, liver iron stores can range from 0.5
to 1 g [7]. The hepatic iron concentration in normal liver
tissue obtained at autopsy has been reported to be 16.51
(7.82-39.93) mmol/kg dry tissue [median and (5-95 per-
centile interval)] [8]. These values are estimated to be
equivalent to a hepatic iron content of 300-900 pg/g dry
weight liver tissue. Extensive studies reported median
hepatic iron concentrations of 396 (range 0-2,105) and 458
(range 114-2,190) pg/g dry weight liver tissue in patients
with chronic hepatitis C [9, 10]. In addition, the reported
percentages of patients with hepatic iron concentrations
>1,000 pg/g dry weight were 14 and 19 %, respectively
[9, 10]. Therefore, it should be noted that among patients with
chronic hepatitis C some have high hepatic iron content,
whereas others have normal hepatic iron content. In con-
trast, a hepatic index (umol Fe/g liver tissue/patients age)
of 1.9 or more has been reported to be typical of patients
with hereditary hemochromatosis [}1]. If the hepatic index
of a patient aged 60 with hereditary hemochromatosis is
1.9, the hepatic iron conceniration of this patient is
assumed to be 6,384 pg/g liver tissue. Thus, we should
understand that hepatic iron content is much less in chronic
hepatitis C than in hereditary hemochromatosis and within
the normal range in some of patients with chronic hepatitis
C, even though it is recognized to be one of liver diseases
that show hepatic iron accumulation.

There also remains uncertainty as to whether iron pre-
dominantly accumulates in hepatocytes or the reticuloen-
dothelial system, mainly Kupffer cells, in patients with
chronic hepatitis C. Some clinical studies showed that iron
was mainly localized in the reticuloendothelial system
{1, 12], whereas others reported its localization in hepato-
cytes [13]. Interestingly, Fiel et al. [14] documented that
even ribavirin-associated hemolysis deposited iron prefer-
entially in hepatocytes in patients with chronic hepatitis C.
Hepatocytic iron accumulation may indicate potential
DNA damage and genetic instability in association with
HCV-induced oxidative stress, while iron deposition in
Kupffer cells may contribute to cytokine release, leading to
inflammation or fibrosis. However, further investigations
are needed to clarify this issue.

Hepcidin expression

Hepcidin, which was originally isolated from human serum
and urine as a peptide with antimicrobial activity [15, 16],
is a hormone exclusively synthesized in the liver and a
negative regulator of iron release into the systemic circu-
lation by duodenal enterocytes and reticuloendothelial
macrophages [17, 18]. Hepcidin binds to the iron exporter
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ferroportin, which resulis in internalization and degradation
of ferroportin [19]. The lack of hepcidin expression in
knockout mice leads to iron overload [20], and conversely,
overexpression of hepcidin in transgenic mice' causes
severe iron deficiency {21]. Iron transferrin also regulates
hepcidin synthesis through hemojuvelin and bone mor-
phogenetic protein (BMP) 2/4 [22].

Fujita et al. [23] showed for the first time that hepatic
hepcidin mRNA levels adjusted by serum ferritin values
were significantly lower in patients with chronic hepatitis C
than in those with chronic hepatitis B or those without
hepatitis B virus (HBV) or HCV infection. Of note, the
relative expression of hepcidin for iron stores was lower in
chronic hepatitis C than in chronic hepatitis B or chronic
liver diseases without HBV or HCV infection, even though
hepcidin expression levels were strongly correlated with
serum ferritin and the degree of hepatic iron deposition.
These resulis suggested that hepcidin might play a pivotal
role in iron overload in patients with chronic hepatitis C. A
recent study using a validated immunoassay of the
25-amino acid bioactive hepcidin in serum also revealed
that serum hepcidin levels were lower in patients with
chronic hepatitis C than in controls despite a significant
correlation between hepcidin and serum ferritin or the
histological iron score in both groups [24]. Thus, the rel-
atively decreased synthesis of hepcidin in chronic hepatitis
C contrasts with the absolute deficit or lack in hepcidin
synthesis observed in hereditary hemochromatosis and may
account for the mild to moderate hepatic iron overload
observed in some patients with chronic hepatitis C.

Mechanisms underlying hepatic iron accumulation

Elucidating the mechanisms of iron accumulation in
chronic hepatitis C may provide new tools for the man-
agement of the condition or for the prevention of its
complications, or both. Hepcidin appears to provide a
critical clue for elucidating the mechanisms of iron accu-
mulation because its decreased synthesis has been reported
in chronic hepaiitis C in previous studies [23-25]. Dis-
ruption of hepcidin regulation resulting from inhibited
activity of the transcription factor CCAAT/enhancer-
binding protein « (C/EBPw) has been postulated as a pos-
sible mechanism causing iron overload in alcoholic liver
disease [26, 27]. We investigated the mechanism by which
hepatic iron accumulates using transgenic mice expressing
the HCV polyprotein [28]. These mice had reduced hep-
cidin mRNA expression, which was attributed to HCV
protein-induced reactive oxygen species (ROS), with con-
sequent upregulation of an inhibitor of the binding of
C/EBPu to the hepcidin promoter. Thus, the mechanisms
underlying HCV-related hepatic iron overload appear to
have some similarities with alcohol-induced iron overload
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in terms of disrupted hepcidin transcription through sup-
pressed activity of C/EBPu. In agreement with our obser-
vation, an in vitro study by Miura et al. [2%9] using
hepatoma cells showed that HCV-induced ROS inhibited
the binding activity of C/EBPux to the hepcidin promoter
through increased histone deacetylase activity.

Hepcidin is transcriptionally regulated in response to the
iron concentration, inflammation, hypoxia, and erythro-
poiesis [3(]. BMPs, members of the transforming growth
factor beta superfamily, play a crucial role in regulating
hepcidin transcription through SMAD signaling [31-33].
Hepcidin is regulated by both the circulating transferrin-
bound iron and intracellular iron stores. Its exact pathway
is still unknown but seems to involve the BMP pathway. As
yet there is no convincing evidence that accounts for the
suppressive transcription of hepcidin through the BMP/
SMAD cascade in chronic hepatitis C. The significant
correlations between hepcidin and serum ferritin or the
histological iron score in chronic hepatitis C [23, 24]
suggest that hepcidin transcription is properly regulated in
response to the iron concentration in chronic hepatitis C.
Thus, hepcidin transcription in chronic hepatitis C may be
potentially regulated by the opposing effects of HCV-
induced hepcidin-suppressive factors and the iron load-
induced hepcidin-stimulation factors. As suggested by
Girelli et al. [24], in the early phase of chronic hepatitis C,
hepcidin may be prominently suppressed by HCV but, as
iron accumulates, the negative influence of viral factors
may be masked by the positive stimulation of iron.

Inflammation also regulates hepcidin transcription.
Proinflammatory cytokines such as IL-6 mediate this
response by inducing transcription of hepcidin mRNA via
STATS3, which binds to a STAT-responsive element within
the hepcidin promoter [34-36]. Our transgenic mice
expressing the HCV polyprotein did not show any
inflammation in the liver. A possible pitfall in this exper-
imental model was that we could not take the inflammatory
effect on hepcidin regulation into account, which is dif-
ferent from what is observed in patients with chronic
hepatitis C. Serum levels of IL-6 have been shown to be
elevated in patients with HCV-related chronic liver disease
[37], which raises the possibility that IL-6 acts to stimulate
hepcidin expression through the STAT3 pathway. This
would be expected to counteract the decrease in hepcidin
transcription caused by HCV-induced ROS. However, no
significant relationship has been found between serum IL-6
and hepcidin in patients with chronic hepatitis C [24, 38],
even though a paracrine effect of local IL-6 release on
hepcidin transcription in the liver cannot be excluded. On
the other hand, chronic inflammation with production of
proinflammatory cytokines has the potential io deliver an
additional burden of ROS, which would be expected to
reinforce the decrease in hepcidin transcription. Most

likely, during chronic inflammation states in vivo like
chronic hepatitis C, the regulation of hepcidin is more
complex and may depend on many variables, including the
particular stage of systemic and/or hepatic inflammatory
disease. This might explain the variations in hepatic iron
concentrations reported among patients with HCV-related
chronic liver disease. As an iron regulatory molecule other
than hepcidin, upregulation of transferrin receptor 1 has
been reported in patients with chronic hepatitis C [39]. The
schematic outline in Fig. | depicts the assumed mecha-
nisms underlying the hepatic iron accumulation in chronic
hepatitis C.

Impact of hepatic iron overload on disease progression
and relevance to hepatocarcinogenesis

Iron is a cofactor that influences the severity and progres-
sion of nonhemochromatic liver diseases, especially ste-
atohepatitis and viral hepatitis [40-44]. The importance of
iron as a comorbidity factor in chronic hepatitis C is
emphasized by several reports of more fibrosis and a
greater risk of HCC development with more hepatic iron
[45-47]. Recently, it has been prospectively shown in the
HALT-C (hepatitis ¢ anti-viral long-term (reatment to
prevent cirrhosis) trial cohort that stainable iron in hepa-
tocytes and portal tract cells predicts progression and out-
comes (Child Pugh score >7, ascites, encephalopathy,
variceal bleeding, spontaneous bacterial peritonitis, HCC,
death) in advanced chronic hepatitis C [48].

Although the association of markedly increased iron
accumulation in the liver with hepatocarcinogenesis in
hereditary hemochromatosis has been well described [49],
it remains to be elucidated whether mild to moderate
increases in hepatic iron accumulation contribute to the
development of HCC in patients with HCV-associated
chronic liver diseases. To determine the mechanisms
underlying the development of HCC in the presence of
both HCV infection and mild to moderate hepatic iron
accumulation, we investigated whether ircn overload
equivalent to that in chronic hepatitis C patients contrib-
uted to the development of HCC in transgenic mice
expressing the HCV polyprotein [50]. Transgenic mice fed
an excess-iron diet showed marked hepatic steatosis,
including the centrilobular microvesicular type, ultra-
structural alterations of the mitochondria, and decreased
degradation activity of fatty acid at 6 months, as well as
hepatic accumulation of lipid peroxidation products and
8-hydroxy-2'-deoxyguanosine (8-OHdG) at 12 months
after the initiation of feeding. Of note, hepatic tumors
including HCC developed in 5 of 11 (45 %) transgenic
mice fed the excess-iron diet but not in control mice or
iransgenic mice fed the control diet at 12 months after the
initiation of feeding. These results indicated the importance
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Fig. 1 Schematic diagram depicting the mechanisms underlying
hepatic iron accumulation. HCV protein-induced ROS reduces
hepcidin transcription through inhibition of DNA binding activity
of C/EBPo. Hepcidin transcription in chronic hepatitis C may be
potentially regulated by the opposing effects of HCV-induced
hepcidin suppressive factors and iron load-induced hepcidin stimu-
lation factors. Inflammation may also have the opposing effects of

of oxidative stress and subsequent mitochondrial injury
synergistically induced by iron loading and HCV proteins
in the development of HCC. Tanaka et al. [44] showed a
strong correlation of hepatic 8-OHdG levels with body and
hepatic iron storage in patients with chronic hepatitis C and
that oxidative DNA damage in the liver was associated
with an increased risk of HCC development. Kato et al. [5]
also reported that the decrease in hepatic 8-OHdG content
caused by phlebotomy lowered the risk of progression to
HCC, which indeed showed the critical role of the iron-
overload state in the development of HCC in patients with
chronic hepatitis C. Thus, there is a close relationship
between oxidative DNA damage synergistically induced by
hepatic iron accumulation and HCV proteins in the
development of HCC in patients with HCV associated with
chronic liver diseases. Whether long-term and sustained
iron reduction by phlebotomy could help to prevent or
delay disease progression and/or development of HCC is an
important and still unresolved question, but a promising
effect of phlebotomy was reported in a long-term nonran-
domized prospective study [6]. As iron reduction and
adherence to a low-iron diet are relatively easy and safe,
combination of these treatments would seem to be

Q_) Springer
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stimulation and suppression of hepcidin transcription through the
IL-6/STAT pathway and ROS pathway, respectively. Decreased
hepcidin expression enhances ferroportin (FPN) expression in the
duodenum and macrophages, resulting in increased duodenal iron
transport and macrophiage iron release, which lead to hepatic iron
accumulation

beneficial to patients who cannot tolerate or have not
responded to peginterfeon plus ribavirin therapy to preveni
disease progression and/or the development of HCC.
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Abstract

Objective: To evaluate predictive factors of treatment effi-
cacy to interferon (IFN)/ribavirin in patients infected with
HCV genotype 1b (HCV-1b). Methods: This study investigat-
ed pretreatment predictors, including viral- (aa substitutions
in core aa 70/91 and NS5A-ISDR/IRRDR) and host-related fac-
tors (genetic variation near [L28B gene), to 48-week IFN/riba-
virin in 490 Japanese aduls infected with HCV-1b. Resulfis:
The proportion of patients who showed end-of-treatment
response (ETR), sustained virological response (SVR), and
SVR after ETR was 76, 54, and 76%, respectively. There was a
significant positive correlation between the number of aa
substitutions in ISDR and those in IRRDR. Concerning the
substitution of core aa 91, the number of aa substitutions in
ISDR/IRRDR of patients with Leu91 was significantly higher

than that of patients with Met91. Furthermore, levels of vire-
mia were influenced by aa substitutions in core aa 91 and
ISDR/IRRDR. By multivariate analysis, rs8099917 genotype
was an important predictor of ETR and SVR. With regard to
viral factors, core aa 70/91 was an important predictor of ETR,
and SVR after ETR. ISDR was an important predictor of SVR,
and SVR after ETR. Conclusion: aa substitution in core/NS5A
region and genetic variation near [L28B were important pre-
dictors of treatment efficacy to IFN/ribavirin.

Copyright © 2011 S. Karger AG, Base!

introduction

Treatment of chronic hepatitis C virus (HCV) infec-
tion with interferon (IFN) combined with ribavirin car-
ries potential serious side effects and is costly, especially
when used long enough to achieve a high sustained viro-
logical response (SVR) in patients infected with HCV
genotype 1b (HCV-1b) and high viralloads. For these rea-
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sons, those patients who do not achieve SVR need to be
identified, so as to free them of unnecessary side effects
and reduce costs, preferably before the start of the com-
bination therapy.

Viral- and host-related factors are useful as predictors
of treatment efficacy to 48-week IFN/ribavirin combina-
tion therapy. With regard to viral factors, amino acid (aa)
substitutions at position 70 and/or 91 in the core region
of HCV-1b are pretreatment predictors of virological re-
sponse to combination therapy [1-4], and also affect clin-
ical outcome, including hepatocarcinogenesis [5, 6. Fur-
thermore, the NS5A region of HCV-1b, including IFN-
sensitivity-determining region (ISDR) [7, 8] and IFN/
ribavirin resistance-determining region (IRRDR) [9,
10}, are also useful as pretreatment predictors of virolog-
ical response to combination therapy [11, 12}, With re-
gard to host factors, genefic variations near IL28B gene
(rs8099917, rs12979860) on chromosome 19, which en-
codes IFN-A-3, are pretreatment predictors of virological
response to combination therapy in individuals infected
with HCV-1 [13-16], and also affect clinical outcome, in-
cluding spontaneous clearance of HCV [17]. A recent re-
port identified genetic variation near IL28B gene and aa
substitution of the core region as predictors of SVR to
triple therapy of telaprevir/pegylated (PEG)-1FN/ribavi-
rin in Japanese patients infected with HCV-1b [18]. How-
ever, to our knowledge, there are no previous reports of
IFN/ribavirin combination therapy based on multivari-
ate analysis to investigate pretreatment predictors, in-
cluding all of aa substitutions in core aa 70/91 and NS5A-
ISDR/IRRDR, and genetic variation near IL28B gene.

The aim of the present study was to investigate predic-
tive factors of treatment efficacy, including viral- (aa sub-
stitutions in core aa 70/91 and NS5A-ISDR/IRRDR) and
host-related factors (genetic variation near IL28B gene),
to 48-week IFN/ribavirin in Japanese adults infected with
HCV-1b.

Patients and Methods

Study Population

A total of 1,249 HCV-1b-infected Japanese adult patients were
consecutively recruited into the study protocol of combination
therapy with IEN (PEG-IFNea-2b or IFN«-2b) plus ribavirin be-
tween December 2001 and January 2009 at Toranomon Hospital,
Tokyo, Japan. Among these, 490 patients, who could complete a
total of 48 weeks of combination therapy, were enrolled in this
retrospective study, and fulfilled the following criteria: (1) nega-
tivity for hepatitis B surface antigen (HBsAg) in serum; (2) HCV-
1b only confirmed by sequence analysis; (3) HCV-RNA levels of
=5.0 log IU/ml determined by the COBAS TagMan HCV test
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(Roche Diagnostics, Tokyo, Japan) within the preceding 2 months
of enrolment; {4) no hepatocellular carcinoma; (5) body weight
>40 kg; (6) lack of coinfection with human immunodeficiency
virus; (7) no previous treatment with antiviral or immunosup-
pressive agents within the preceding 3 months of enrolment; (8)
none was an alcoholic; lifetime cumulative alcohol intake was
<500 kg; (9) none had other forms of liver diseases, such as hemo-
chromatosis, Wilson disease, primary biliary cirrhosis, alcoholic
liver disease, or autoimmune liver disease, and (10) none of the
females was pregnant or breastfeeding.

The study protocol was in compliance with the Good Clinical
Practice Guidelines and the 1975 Declaration of Helsinki, and was
approved by the institutional review board. Each patient gave
their informed consent before participating in this trial.

The treatment efficacy was evaluated in terms of HCV-RNA
negativity at the end of treatment (end-of-treatment response
(ETR)) and 24 weeks after the completion of therapy (SVR), based
on the COBAS TagMan HCV test (Roche Diagnostics). SVR in
patients who achieved ETR was defined as SVR after ETR. ETR,
SVR, and SVR after ETR could be evaluated in 487 (99%), 448
(91%), and 321 (66%) of 490 patients, respectively.

422 (86%) patients received PEG-IFNa-2b at a median dose of
1.4 pg/kg (range 0.7-1.9) subcutaneously each week plus oral ri-
bavirin at a median dose of 11.1 mg/kg (range 3.7-15.1) daily for
48 weeks. The remaining 68 (14%) patients received 6 million
units of IFNo-2b intramuscularly each day for 48 weeks (daily for
the initial 2 weeks, followed by three times per week for 46 weeks),
and oral ribavirin at a median dose of 11.3 mg/kg (range 6.8-13.4)
daily for 48 weeks.

Table 1 summarizes the profiles and laboratory data of the 490
patients at the commencement of treatment. They included 310
males and 180 fermales aged 20-75 years (median 54).

Measurement of HCV RNA

The antiviral effects of treatment on HCV were assessed by
measuring plasma HCV-RNA levels. In this study, HCV-RNA
levels were evaluated at least once every month before, during,
and after therapy. HCV-RNA concentrations were determined
nsing the COBAS TagMan HCV test (Roche Diagnostics). The
linear dynamic range of the assay was 1.2-7.8 log IU/ml, and the
undetectable samples were defined as negative.

Detection of aa Substitutions in Core, and NS5A Regions of

HCV-1b

‘With the use of HCV-] (accession No. D90208) as a reference
[19], the sequence of 1-191 aa in the core protein of HCV-1b was
determined and then compared with the consensus sequence
constructed on the previous study to detect substitutions at aa 70
of arginine (Arg70) or glutamine/histidine (Gln70/His70) and aa
91 of leucine (Leu91) or methionine (Met91) [1]. The sequence of
2,209-2,248 aa in the NS5A of HCV-1b (ISDR) reported by Eno-
moto et al. [7, 8] was determined, and the number of aa substitu-
tions in ISDR was defined as wild-type (WT) (0, 1) or non-wild-
type (non-WT) (=2) in comparison with HCV-]. Furthermore,
the sequence of 2,334-2,379 aa in the NS5A of HCV-1b (IRRDR)
reported by El-Shamy et al. [9, 10] was determined and then com-
pared with the consensus sequence constructed on the previous
study. In the present study, aa substitutions of the core region and
NS5A-ISDR/IRRDR of HCV-1b were analyzed by direct sequenc-
ing (10, 18].

Akuta et al.



Genetic Variation near IL2Z8B Gene

Samples for genome-wide association survey were genotyped
using the Hlumina HumanHap610-Quad Genotyping BeadChip.
Genotyping data were subjected to quality control before the data
analysis. Genotyping for replication and fine mapping was pez-
formed by use of Invader assay, TagMan assay, or direct sequenc-
ing as described previously [20, 21].

In this study, genetic variations near IL28B gene (rs8099917),
reported as the pretreatment predictors of treatment efficacy in
Japanese patients [14, 18], were investigated.

Statistical Analysis

Non-parametric tests (Mann-Whitney U test, ¥? test and Fish-
er’s exact probability test) were used to compare the characteristics
of the groups. Correlation analysis was evaluated by the Spearman
rank correlation test. Uni- and multivariate logistic regression
analyses were used to determine those factors that significantly
contributed to ETR, SVR, and SVR after ETR. The oddsratios (OR)
and 95% confidence intervals (95% CI) were also calculated. All p
values <0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance (p < 0.05) on uni-
variate analysis were entered into multiple logistic regression anal-
ysis to identify significant independent predictive factors. Each
variable was transformed into categorical data consisting of two
simple ordinal numbers for uni- and multivariate analyses. Poten-
tial predictive factors associated with ETR, SVR, and SVR after
ETR included the following variables: sex, age, history of blood
transfusion, familial history of liver disease, body mass index, as-
partate aminotransferase (AST), alanine aminotransferase (ALT),
albumin, y-glutamyl transpeptidase (GGT), leukocyte count, he-
meoglobin, platelet count, level of viremia, «-fetoprotein, total cho-
lesterol, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglycerides, uric acid, ribavirin dose/body
weight, genetic variation near IL28B gene, and aa substitution in
the core region, and NS5A-ISDR/IRRDR. Statistical analyses were
performed using SPSS software (SPSS Inc., Chicago, Ill., USA).

Results

Response to Therapy

ETR was achieved by 372 of 487 (76%) patients, SVR
by 244 of 448 (54%), and SVR after ETR by 244 of 321
(76%).

Number of aa Substitutions in NS5A-ISDR and NS5A-

IRRDR

Asawhole, 0, 1, and =2 aa substitutions in ISDR were
found in 56% (227 of 406), 23% (95 of 406), and 21% (84
of 406) of patients, respectively. Thus, the percentage of
patients with <1 aa substitution in ISDR (WT) was 79%
(322 of 406). Furthermore, <3, 4-5, and =6 aa substitu-
tions in IRRDR were found in 36% (73 of 200), 34% (67
of 200), and 30% (60 of 200) of patients, respectively
fig. 1).

Core/NS5A and IL28B Affect Treatment
Efficacy

Table 1. Patient profile and laboratory data at commencement of
the 48-week combination therapy of IFN + ribavirin in 450 pa-
tients infected with HCV-1b

Demographic data

Number of patients 490
Male/fernale 310/180
Age, years 54 (20~75)
History of blood transfusion 169 (34%)
Family history of liver disease 96 (20%)

Body mass index, kg/m? 22.6 (15.7-34.7)

Laboratory data

Level of viremia, log IU/ml 6.41(2.2-7.7)
Serum AST, 1U/1 50 (16-296)
Serum ALT, IU/ 67 {12-836)
Serum albumin, g/dl 3.9(3.1-4.7)
GGT, 1U/l 44 (10-592)
Leukocyte count, n/mm?> 4,700

(1,200-10,900)

Hemoglobin, g/dl 14.4 (10.6-18.1)

Platelet count, X 10%mm? 16.7 (6.4-37.5)
a-Fetoprotein, g/l 5 (1-459)
Total cholesterol, mg/dl 170 (96-284)
High-density lipoprotein cholesterol, mg/dl 46 (13-95)
Low-density lipoprotein cholesterol, mg/dl 100 (32-190)
Triglycerides, mg/dl 90 (33-416)
Uric acid, mg/dl 5.5(2.3-9.4)
Treatment

PEG-IFNa-2b/IFNa-2b 422168
Ribavirin dose, mg/kg 11.2 (3.7-15.1}
aa substitutions in the HCV-1b

Core aa 70, arginine/glutamine (histidine)  266/151

Core aa 91, lencine/methionine 246/169

ISDR of NS5A, 0/1/22 227/95/84
IRRDR of NS54, <3/4-5/26 73/67/60
Genetic variation near 1L28B gene

rs8099917 genotype, TT/TG/GG 150/65/4

Data represent number of patients with percentages in paren-
theses, or median (range) values.

The correlation between ISDR and IRRDR was ana-
lyzed. There was a significant positive correlation be-
tween the number of aa substitutions in ISDR and those
in IRRDR (r = 0.308, p < 0.001) (fig. 2).

aa Substitutions in the Core Region and NS5A-ISDR/

IRRDR

Concerning the substitution of core aa 70, the number
of aa substitutions in ISDR of 256 patients with Arg70
(median 0) was not significantly different from that of
146 patients with GIn70 (His70) (median 0) (fig. 3a). Fur-
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Fig. 1. The number of aa substitutions in NS5A-ISDR and NS5A-
IRRDR. The percentage of patients with <1 aa substitution in
ISDR (WT) was 79%.

thermore, the number of aa substitutions in IRRDR of
123 patients with Arg70 (median 5) was also not signifi-
cantly different from that of 77 patients with Gln70
(His70) (median 4) (fig. 3b).

Concerning the substitution of core aa 91, the number
of aa substitutions in ISDR of 240 patients with Leu9l
(median 1) was significantly higher than that of 161 pa-
tients with Met91 (median 0) (p < 0.001) {fig. 3¢). Further-
more, the number of aa substitutions in IRRDR of 111
patients with Leu91 (median 5) was significantly higher
than that of 89 patients with Met91 (median 3) (p <0.001)
(fig. 3d).

Viremia Level and aa Substitutions in Core Region/

ISDR/IRRDR

Concerning the number of substitutions in ISDR, vi-
remia levels of 321 patients with WT (median 6.5) were
significantly higher than those of 84 patients with non-
WT (median 5.7) (p < 0.001) (fig 4a).

Concerning the number of substitutions in IRRDR,
viremia levels of 140 patients with <5 substitutions (me-
dian 6.4) were significantly higher than those of 60 pa-
tients with =6 (median 6.1) (p = 0.027) {fig. 4b).

Concerning the substitution of core aa 70, viremia lev-
els of 265 patients with Arg70 (median 6.4) were not sig-
nificantly different from those of 151 patients with GIn70
(His70) (median 6.3} (fig. 4¢).

Concerning the substitution of core aa 91, viremia lev-
els of 169 patients with Met91 (median 6.5) were signifi-
cantly higher than those of 245 patients with Leu91 (me-
dian 6.2) (p = 0.028) (fig. 4d).

234 Intervirology 2012;55:231-241

Fig. 2. Correlation between NS5A-ISDR and NS5A-IRRDR. There
was a significant positive correlation between the number of aa
substitutions in ISDR and that in IRRDR (r = 0.308, p < 0.001).

Thus, levels of viremia were influenced by aa substitu-
tions in core aa 91 and ISDR/IRRDR.

Treatment Response according to the Number of aa

Substitutions in IRRDR

Concerning the number of aa substitutions in IRRDR,
a significantly higher proportion of patients with =4 aa
substitutions (58%) showed SVR compared to patients
with =3 (42%) (p = 0.039). In contrast, the SVR rate was
not significantly different between patients with =4
{49%) and those with =5 (57%) aa substitutions. Like-
wise, the SVR rate was not significantly different between
patients with <5 (51%) and those with =6 (55%) aa sub-
stitutions (fig. 5a).

The ETR rate was not significantly different between
patients with <3 (74%) and those with =4 (82%) aa sub-
stitutions, nor between patients with <4 (76%) and those
with =5 (83%). Likewise, the ETR rate was not signifi-
cantly different between those with <5 (79%) and those
with =6 (80%) aa substitutions (fig. 5b).

The SVR rate after ETR was not significantly different
between patients with =3 (61%) and those with =4 (74%)
aa substitutions, nor between patients with <4 (67%) and
those with =5 (72%). Likewise, they were not significant-
ly different between patients with <5 (67%) and those
with =6 (75%) aa substitutions (fig. 5¢).

Thus, it was useful as predictor of SVR to categorize
into two groups of <4 and =5 aa substitutions by uni-
variate analysis. However, the ETR and SVR after ETR
rates were not significantly different according to the
number of aa substitutions in IRRDR.

Akuta et al.
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Predictors of SVR as Determined by Uni- and

Multivariate Analyses

Univariate analysis identified 15 parameters that cor-
relate with SVR: gender (male sex; p < 0.001), age (<55
years; p < 0.001), ribavirin dose (= 11.0 mg/kg; p = 0.006),
AST (<58 IU/L; p = 0.039), leukocyte count (=4,500/mm?;
p = 0.043), hemoglobin (=14.0 g/dl; p = 0.001), platelet
count (=15.0 X 10*/mm? p < 0.601), GGT (<50 1U/};
p = 0.028), uric acid (=5.5 mg/dL p = 0.005), level of vi-
remija (<6.0 log IU/ml; p < 0.001), a-fetoprotein (<10
pg/l; p<0.001), genetic variation in rs8099917 (genotype
TT: p<0.001), substitution of aa 70 (Arg70; p<0.001), the
number of aa substitutions in ISDR (non-WT; p < 0.001)
and IRRDR (=4; p = 0.039). Figure 6 shows the SVR rate
according to aa substitution in the core/NS5A region and
genetic variation near IL28B by univariate analysis.

Multivariate analysis that included the above variables
identified 3 parameters that independently influenced

Core/NS5A and IL28B Affect Treatment
Efficacy

SVR: genetic variation in rs8099917 (genotype TT; p <
0.001), gender (male sex; p <0.001), and the number of aa
substitutions in ISDR (non-WT; p = 0.027) (table 2).

Predictors of ETR as Determined by Uni- and

Multivariate Analyses

Univariate analysis identified 14 parameters that cor-
related with ETR: gender (male sex; p = 0.001), age (<55
years; p = 0.004), AST (<39 IU/L p = 0.027), hemoglobin
(=14.0 g/dl; p = 0.035), platelet count (=15.0 X 104/mm?>;
p <0.001), albumin (=3.9 g/d}; p=0.014), GGT (<50 1U/L;
p << 0.001), uric acid (= 5.5 mg/dlL; p = 0.003), level of vire-
mia (<6.0 log IU/ml; p = 0.001), low-density lipoprotein
cholesterol (=85 mg/dl; p = 0.004), a-fetoprotein (<10
p.g/l; p <0.001), genetic variation in 1s8099917 (genotype
TT; p < 0.001), substitution of aa 70 (Arg70; p < 0.001),
and the number of aa substitutions in ISDR (non-WT;
p = 0.021). Figure 7 shows the ETR rate according to aa
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cerning the substitution of core aa 91, viremia levels of patients
with Met91 were significantly higher than those of patients with
Leu91 {p = 0.028). Thus, levels of viremia might be influenced by
aa substitutions in core aa 91 and ISDR/IRRDR.
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patients with <3 (42%) {p = 0.039), and it was useful as predictor
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of SVR to categorize into two groups of <4 and =5 aa substitu-
tions by univariate analysis. b, ¢ ETR and SVR after ETR rates
were not significantly different according to the number of aa sub-
stitutions in IRRDR.
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Table 2. Factors associated with SVR to 48-week IFN + ribavirin
combination therapy in patients infected with HCV-1b, identified
by multivariate analysis

Table 3. Factors associated with ETR response to 48-week IFN +
ribavirin combination therapy in patients infected with HCV-1b,
identified by multivariate analysis

Factor Category OR {95% CI) p
rs8099917 1: TG+GG 1
genotype 2TT 16.7 (4.54-61.3) <0.001
Gender 1: Female 1

2: Male 10.5 (3.47-32.3) <0.001
ISDR of LWT 1
NS54 2: Non-WT 5.68 (1.22-26.3) 0.027

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

Core/NS5A and IL28B Affect Treatment
Efficacy

Pactor Category OR
(95% CI)

rs8099917 1: TG+GG 1
genotype 2TT 182 (6.29-52.6)  <0.001
Level of viremia 1: 6.0 1
log IU/ml 2:<6.0 9.20 (2.59-32.6) 0.001
Core aa 70 1: GIn70 (His70) 1

2: Arg70 4.68 (1.65-13.3) 0.004
Serum albumin 1:<3.9 1
g/dl 2:>39 3.08(1.11-847) 0.030

Only variables that achieved statistical significance (p < 0.05)
on multivariate logistic regression are shown.
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substitution in the core/NS5A region and genetic varia-
tion near IL28B by univariate analysis.

Multivariate analysis that included the above variables
identified 4 parameters that independently influenced
ETR: genetic variation in rs8099917 (genotype TT; p <
0.001), level of viremia (<6.0 log IU/ml; p = 0.001), substi-
tution of aa 70 (Arg70; p = 0.004), and albumin (=3.9
g/dl; p = 0.030) (table 3).

Predictors of SVR after ETR as Determined by

Uni- and Multivariate Analyses

Univariate analysis identified 11 parameters that in-
fluenced SVR after ETR: gender (male sex; p < 0.001), age
(<55 years; p < 0.001), ribavirin dose (=11.0 mg/kg; p =
0.025), leukocyte count (=4,500/mm?; p = 0.033), hemo-
globin (=14.0 g/dl; p = 0.025), platelet count (=15.0 X
10%/mm?; p = 0.001), level of viremia (<6.0 log IU/ml; p =
0.020), total cholesterol (<170 mg/dl; p = 0.017), a-feto-
protein (<10 pg/k; p = 0.004), substitution of aa 70 and 91
(Arg70 andfor Leudl; p = 0.044), and the number of aa
substitutions in ISDR (non-W'T; p = 0.001). Figure 8 shows
the SVR after ETR rate according to aa substitution in the
core/NS5A region and genetic variation near IL28B by
univariate analysis.

Multivariate analysis that included the above variables
identified 6 parameters that independently influenced
the SVR after ETR: gender (male sex; p <0.001), ribavirin
dose (=11.0 mg/kg; p = 0.002), the number of aa substitu-
tions in ISDR (non-W'T; p = 0.012), substitution of aa 70
and 91 (Arg70 and/or Leu9l; p = 0.023), platelet count
(=15.0 X 10%mm?; p = 0.033), and a-fetoprotein (<10
p.g/l; p = 0.042) (table 4).
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Comparison of Factors Associated with Treatment

Efficacy Identified by Multivariate Analysis

Table 5 shows the variables that achieved statistical
significance on multivariate logistic regression for each
evaluation of treatment efficacy. Rs8099917 genotype
was an important predictor of ETR and SVR. With regard
to viral factors, core region was an important predictor of
ETR, and SVR after ETR. ISDR was an important predic-
tor of SVR, and SVR after ETR. Level of viremia was an
important predictor of ETR. Thus, genetic variation near
IL28B and viral factors (core region, ISDR, and level of
viremia) were important predictors of treatment efficacy.
Furthermore, gender, a-fetoprotein, albumin, and plate-
let count were also identified as other important predic-
tors of treatment efficacy, in addition to genetic variation
near IL28B and viral factors.

Discussion

Using multivariate analysis, the present study identi-
fied viral- (aa substitutions in core aa 70/91 and NS5A-
ISDR/IRRDR) and host-related factors (genetic variation
near IL28B gene) that influenced treatment efficacy to
48-week IFN/ribavirin combination therapy, which is in
agreement with recent findings [22, 23]. Identification of
these viral and host factors before the start of IFN/riba-
virin combination therapy should help to select better
therapeutic regimens, including triple therapy of telapre-
vir/PEG-IFN/ribavirin [24-26], for those patients who
are less likely to achieve SVR.

According to the number of substitutions in ISDR, a
previous report showed that levels of viremia were sig-
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Table 4. Factors associated with SVR in patients who achieved ETR response to 48-week IFN + ribavirin com-
bination therapy in patients infected with HCV-1b, identified by multivariate analysis

Factor Category OR (85% CI) P
Gender 1: Female 1
2: Male 4.27 (2.15-8.55) <0.001

Ribavirin 1:<11.6 1

dose, mg/kg 2:211.0 2.95 (1.48-5.86) 0.002
ISDR of 1:WT 1

NS5A 2: Non-WT 4.00 (1.35-11.8) 0.012
Core aa 70 1: GIn70 (His70) and Met91 1

and 91 2: Arg70 and/or Leu91 2.96 (1.16-7.52) 0.023
Platelet count 1:<15.0 1

X 104/mm? 2:215.0 2.19 (1.07-4.50) 0.033
a-Fetoprotein 1: 210 1

pg/l 2: <10 2.66 {1.04-6.80) 0.042

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

Tabile 5. Comparison of factors associated with efficacy of 48-week IFN + ribavirin combination therapy in pa-
tients infected with HCV-1b, identified by multivariate analysis

Pactor ETR response (at 48 weeks) SVR after ETR response SVR
IL28B rs8099917 rs8099917

p <0.001, 18.2 (6.29-52.6)* p < 0.001, 16.7 (4.54-61.3)
Virus Core aa 70 Core aa 70 and 91

p = 0.004, 4.68 (1.65-13.3)2 p =0.023,2.96 (1.16-7.52)*

Level of viremia ISDR ISDR

p = 0.001, 9.20 (2.59-32.6)* p=0.012,4.00 (1.35-11.8)* p =0.027, 5.68 (1.22-26.3)*
Others Albumin a-Fetoprotein

p =0.030, 3.08 (1.11-8.47)*

p = 0.042, 2.66 (1.04-6.80)

Platelet count

p = 0.033, 2.19 (1.07-4.50)*
Gender

p <0.001, 4.27 (2.15-8.55)%
Ribavirin dose
p=0.002,2.95 (1.48-5.86)*

Gender
p < 0.001, 10.5 (3.47-32.3)*

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

2 OR (95% CI).

nificantly lower in patients with non-WT of ISDR than
in those with WT [8]. The present study indicated that
substitution of IRRDR and core aa 91, in addition to sub-
stitution of ISDR, also significantly influenced levels of
viremia. Furthermore, there was a significant positive
correlation between the number of aa substitutions in

Core/NS5A and IL28B Affect Treatment
Efficacy

ISDR and those in IRRDR, and the number of aa substi-
tutions in ISDR/IRRDR of patients with Leu1 was sig-
nificantly higher than that of patients with Met91. To our
knowledge, this is the first report of the relationship be-
tween viremia levels and aa substitutions in core region/
ISDR/IRRDR. This result might be interpreted to mean
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that core aa 91/ISDR/IRRDR might be associated with
viremia levels involved in resistance to combination ther-
apy. Further studies that examine the functional impact
of aa substitutions to combination therapy should be con-
ducted to confirm the above finding.

The present results showed that a-fetoprotein, albu-
min, platelet count, and gender were predictors of viro-
logical response to IFN/ribavirin combination therapy.
Previous data indicated that absence of advanced liver
fibrosis was a positive predictor of SVR to IFN mono-
therapy and IFN/ribavirin combination therapy [2, 3, 13,
27-29], and that advanced liver fibrosis was usually asso-
ciated with higher levels of a-fetoprotein, and lower levels
of albumin and platelet count [1, 3, 30-32]. Furthermore,
gender is also a predictor of treatment response to IFN/
ribavirin combination therapy [2, 3, 14]. In the present
study based on a large number of patients, histopatho-
logical changes in the liver and gender were identified as
independent predictors of virological response, in addi-
tion to genetic variation near IL28B and viral factors (core
region, ISDR, and level of viremia).

In a previous study, multivariate analysis identified
core region, gender, and stage of liver fibrosis as param-
eters that independently influenced the SVR of patients
who achieved early virological response, but ISDR was
not entered into uni- and multivariate analysis [3]. To our
knowledge, the present study based on multivariate anal-
ysis is the first report to identify ISDR as pretreatment
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Complicated Relationships of Amino Acid Substitution
in Hepatitis C Virus Core Region and IL28B Genotype
Influencing Hepatocarcinogenesis

Norio Akuta,' Fumitaka Suzuki,’ Yuya Seko,' Yusuke Kawamura,' Hitomi Sezaki,' Yoshiyuki Suzuki,’
Tetsuya Hosaka,' Masahiro Kobayashi," Tasuku Hara,' Mariko Kobayashi,? Satoshi Saitoh,’ Yasuji Arase,'

Kenji Tkeda," and Hiromitsu Kumada®

The impact of amino acid (aa) 70 substitution in the core region on hepatocarcinogenesis
and survival for liver-related death in patients of hepatitis C virus (HCV) genotype 1b
(HCV-1b), who bad net received antiviral therapy, is unknown. The relationships ameng
aa 70 substitution, ZL28B genotype, and hepatocarcinogenesis are also not clear. A total of
1,181 consecutive HCV-infected patients, who had not received antiviral therapy, were
included in a follow-up study to determine predictive factors of hepatocarcinogenesis and
survival for liver-related death. The cumulative hepatocarcinogenesis rates in HCV-1b of
Gin70(His70) (glutamine (histidine) at aa 70) were significantly higher than those in
HCV-1b of Arg70 (arginine at aa 70) and HCV-2a/2b. The camulative survival rates for
liver-related death in HCV-1b of Gln70(His70) were significantly lower than those in
HCV-1b of Arg70 and HCV-2a/2b. Multivariate analysis identified gender (male), age
(>60 years), albumin (<3.9 g/dL), platelet count (<15.0 X 10%/mm%), aspartate amino-
transferase (>67 IU/L), and HCV subgroup (HCV-1b of Gla70(His70)) as determinants
of both hepatocarcinogenesis and survival rates for liver-related death. In HCV-1b
patients, the cumulative change rates from Arg70 to GIn70(His70) by direct sequencing
were significantly higher than those from Gln70(His70) to Arg70. In patients of Arg70 at
the initial visit, the cumulative change rates from Arg70 to GIn70(His70) in [L28B
rs8099917 non-TT genotype were significantly higher than those in the TT genotype.
Conclusion: Substitution of aa 70 in the core region of HCV-1b is an important predictor
of hepatocarcinogenesis and survival for liver-related death in HCV patients whe had not
received antiviral therapy. The JL28B genotype might partly affect changes over time of

dominant amino acid in core aa 70 of HCV-1b. (HepsroLOGY 2012;56:2134-2141)

W epatitis C virus (HCV) usually causes chronic
| infection that can result in chronic hepatitis,
A_liver cirrhosis, and hepatocellular carcinoma
(HCC 2 At present, treatments based on interferon
(IEN), in combination with ribavirin, are the mainstay
for combating HCV infection. In Japan, HCV geno-
type 1b (HCV-1b) and high viral loads account for
more than 70% of HCV infectons, making it difficult
to treat patients with chronic hepatitis C.°

Despite numerous lines of epidemiologic evidence
connecting HCV infection and the development of

HCC, it remains conwroversial whether HCV itself
plays a dli‘ect role or an indirect role in the pathogene-
sis of HCC.* It has become evident that HCV core
region has oncogenic potential through the use of
tansgenic mice, but the clinical impact of the core
region on hepatocarcinogenesis is still unclear.” Previ-
ous reports indicated that amino acid (aa) substitutions
at position 70 in the HCV core region of patients
infected with HCV-1b are pretreatment predictors of
poor virological response to pegylated IEN (PEG-
IFN)/ribavirin combination therapy and triple therapy

Abbreviations: aa, amino acid; ALT, alanine aminotransferase; AST, aspartate aminotrangerase; HCC, hepatocellulnr carcinoma; HCY, hepatitis C virus; PEG/

IEN, pegylated interferon.
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