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end-stage liver disease is the leading cause of
orthotopic liver transplantation [23]. This back-
ground demands that immediate measures should
be taken to prevent fibrosis developing in the elderly
with chronic hepatitis C by initiating the appropriate
treatment; pegylated IFN combined with ribavirin
can eliminate HCV efficiently [24,25].

Management of antiviral treatment in the elderly,
however, is not without difficulties. Discontinuation
of therapy or dose reduction was required frequently
in the Japanese patients older than 60 years with
chronic hepatitis C [21]. It is obvious that antiviral
treatment needs to be administered with caution in
aged patients with chronic hepatitis C, with the
indication restricted to those who are likely to derive
benefit from it. Early virological response at 12
weeks of ireatment is predictive of sustained virolo-
gical response [26]. The influence of HCV geno-
types on the response to combined therapy, which
increases with age [27], would have to be taken into
consideration, also. In the Japanese patients infected
with HCV genotype 1b, substitutions of amino acids
at positions 70 and 91 are associated with a better
response to combined treatment [28]. In view of the
more frequent and serious side effects in elderly
patents, these predictors would need to be taken
into account when deciding whether to continue or
discontinue combined treatment with IFN and
ribavirin in elderly patients with chronic hepatitis C.

In order to plan the treatment of elderly patients,
the natural history of HCV infection in these patients
needs to be elucidated, which has not been done as
yet. In the present study, we have followed-up
treatment-naive patients aged >65 years without
anfiviral treatment for more than 3 years. None of
them had cirrhosis at baseline. They were stratified
by baseline transaminase levels <40 TU/ (group A
(7 =120)) and =241 TU/ (group B (#=212)) and
classified further into the three age groups, 65-69,
70-74, and 75-85 years, Cirrhosis and HCC devel-
oped more frequently in the patients in group B than
those in group A (<0.001 for both). Of the patients
aged 65-69 years at entry, in particular, cirrhosis and
HCC developed more frequently in group B than in
group A (p<0.001 and p=0.001, respectively).
Liver-related causes of death were more common
in group B than in group A (20/34 (59%) versus 1/9
(11%), $<0.05), and HCC developed more fre-
quently in men than in women (p=0.021).

Despite the progression of fibrosis that is acceler-
ated with age [6], liver-related deaths were infre-
quent in patients with normal baseline transaminase
levels and much less often than in those with
elevated baseline transaminase levels (1/120 (0.8%)
versus 20/212 (9.4%), p»=0.002). Development of
cirrhosis or HCC was no different between patients

i

in groups A and B who were aged 70 years or older
at entry. Taken altogether, elderly patients with
elevated transaminase levels who are younger than
70 years would be the best candidates for antiviral
treatment. They would need to be treated, even
when side effects appear, by modifying the doses of
TFN and ribavirin. In contrast, antiviral treatment
may not be necessary for elderly patients with
normal ALAT levels, or can be discontinued in these
patients when side effects emerge.

There has been some controversy over antiviral
treatment for elderly patients with chronic hepatitis
C, and no specific guidelines have been drawn up so
far [29]. The sustained virological response to
antiviral treatment in aged patients is reported to
be either poorer than [30-32] or comparable with
that in younger patients [19,33]. The difference is
most likely ascribed to careful selection of the aged
patients who would benefit from treatment [13}.
Based on the natural history of elderly patients with
chronic hepatitis C described herein, those with
elevated transaminase levels would need treatment
to prevent progression to cirrhosis and HCC, while
others with normal levels may not require treatment.
It is to be hoped that the results in this study might
be of help in planning a reasonable treatment
strategy towards the longevity, without development
of cirrhosis or HCGC, in elderly patients with chronic
hepatitis C, whose numbers are expected to increase
progressively in the foreseeable future.
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Abstract

Background Influence of human lymphocyte antigen
(HLA) on the therapeutic response in autoimmune hepatitis
(AIH) is not known.

Aims To evaluate if HLA-DR types influence biological
and histological responses to corticosteroids in patients
with ATH.

Methods During 28 years from 1979 through 2007, 48
patients with definite diagnosis of ATH received long-term
corticosteroid therapy (median 9 years [range: 5-28 years])
in a single Japanese center. They were followed for
transaminase levels and received liver biopsy before and
after the treatment.

Results DR4 was detected in 32 and DR14 in 11 patients;
seven possessed both DR4 and DR14. DR4 was more
frequent in ATH patients than in the general population
(67% vs. 22%), while DR14 was comparably frequent
between them (23% vs. 17%). Overall, biochemical
response was achieved in 43 (90%) of the 48 patients. The
sustained biochemical response to a maintenance prednis-
olone dose < 10 mg was gained more frequently in the
patients with than without DR14 (10/11 [91%] vs. 10/37
[27%], P < 0.001). Marked histological improvement with
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a decrease in histology activity index (HAI) score by > 2
points was achieved in 31 of the 32 (97%) biochemical
responders. Histological aggravation with an increase in
HAI score occurred in 4 of the 16 (25%) patients without
biochemical response (non-responders and relapsers com-
bined), but in none of the 32 responders.

Conclusion Long-term immunosuppressive treatment can
improve the outcome of Japanese patients with ATH, and
DR14 is associated with excellent biochemical response.

Keywords Hepatitis -
Autoimmune-HLA-DR-corticosteroids-biopsy - Needle

Introduction

Autoimmune hepatitis (ATH) is the inflammation of hepa-
tocytes of unknown etiology and characterized by histo-
logical hallmark of interface hepatitis with infiltration of
lymphocytes in the portal area [1-3]. Female preponder-
ance, various auto-antibodies and hyper-y-globulinemia, as
well as excellent response to immunosuppressive therapies,
are prominent clinical features. AIH is sub-grouped into
types 1-3 by the age of onset, severity of disease, and
autoantibody profiles [3]. Loss of immunotolerance to self-
antigens expressed on hepatocytes is implicated in the
pathogenesis of AIH, in the background of major histo-
compatibility complex (MHC) genes represented by HLA-
DR alleles [4].

The disease entity of ATH is not uniform and influenced
by geography and ethnicity, in which HLA-DR types play a
major role. For the purpose of dealing with a broad clinical
spectrum of ATH, diagnostic criteria were proposed by the
International Autoimmune Hepatitis Group (TAIHG) in
1993 [5], and they were modified in 1999 [6]. In Japan, an
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indigenous scoring system for defining AIH was
established in 1996 [7]. It has allowed to distinguish ATH
from other autoimmune liver disease, such as primary
biliary cirrhosis and primary sclerosing cholangitis [8].
Although the treatment response differs in ATH patients
with distinct DR profiles, aggressive immunosuppressive
treatments with precaution to avoid side-effects can pre-
vent histological deterioration toward favorable long-term
outcomes [9, 10].

Since by far the most patients with AIH can merit from
immunosuppressive treatment, an effective therapy for an
appropriate duration is the primary goal of physicians, AIH
can run a rapid course accompanied by cirrhosis in some
cases, particularly in young male patients [11}, when they
fail to receive a therapeutic intervention [12]. Some
patients relapse after treatment, often accompanied by
rapid deterioration in the liver histology [13]; they need
utmost care for timely and effective treatment.

In order to examine a long-term prognosis of ATH, 48
patients with the definite diagnosis of AIH were treated
with long-term corticosteroid for up to 28 years, and fol-
lowed for biochemical and histological responses to
treatment, with a special reference to their HLA-DR
profiles.

Methods
Patients

During 28 years from 1979 to 2007, 118 patients with
ATH type-1 visited the Department of Hepatology at the
Toranomon Hospital in Metropolitan Tokyo. Of these
patients, 78 (66%) fulfilled the definite diagnostic criteria
defined by IATHG [6], while the remaining 40 (34%) did
those of probable ATH. All of the patients were negative
for antibodies to liver kidney micosome-1 (anti-LXM-1),
and they were classified into ATH type-1. They had a
median age of 52 years (range: 19-64 years), and inclu-
ded 45 (67%) women. There were four patients who
underwent transient and moderate increases in the serum
level of alanine aminotransferase (ALT), and they were
followed without treatment. The remaining 60 patients
received corticosteroid therapy and were followed for
biochemical response during the median of 9 years (range:
5-28 years). Of these patients, 48 (70%) were included in
this study, and received serial liver biopsies under lapa-
roscopy for the evaluation of histological improvement.
None of them had ongoing infection with hepatitis B or C
virus, or possessed antibody to human immunodeficiency
virus type-1. The study protocol conformed to the 1975
Declaration of Helsinki, and was approved by the Ethics
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Committee of the Toranomon Hospital. Every patient or
his/her next of kin gave an informed consent on the pur-
pose of this study.

Serological Tests

Autoantibodies as well as immunoglobulins of IgG and
IgM classes were determined by enzyme immunoassay
(EIA). Antinuclear antibodies (ANA) were determined by
indirect immuno-fluorescence with Hep-G?2 cells, and anti-
smooth muscle antibodies as well as anti-LKM-1 by indi-
rect fluorescence on cryostat sections of rat organs by the
standard procedure. Hepatitis B surface antigen (HBsAg)
was determined by radioimmunoassay, antibody to hepa-
titis C virus (anti-HCV) by EIA of the third generation, and
HCV RNA by reversed-transcription polymerase chain
reaction (RT-PCR).

HLA Typing

HLA typing was performed by serological methods, and
confirmed by PCR-MPH (microplate hybridization) for
patients with inconclusive results [14].

Prednisolone Treatment and Biochemical Response

As soon as the diagnosis of AIH was established,
patients received 30-60 mg prednisolone daily and were
followed for transaminase levels during a mean follow-
up period of 5 years (range: 5-28 years). Aminotrans-
ferase levels were monitored monthly, and the dose of
prednisolone was reduced by 10-15% for the patients in
whom ALT levels were normalized to below 40 U/l for
3 months or longer. The response was judged 6 months
after the normalization of ALT. Complete response was
defined by the normalization of transaminase levels with
a maintenance dose of <10 mg prednisolone daily; par-
tial response by that with >10 mg prednisolone (up to
20 mg); and no response by the failure in normalizing
transaminase levels with a maintenance dose of pred-
nisolone (10-20 mg). Relapse was an exacerbation with
increase in ALT levels exceeding 80 U/L1 (2 x upper
limit of normal) after they had been normalized by a
maintenance dose.

Laparoscopic and Histological Examinations

Patients received liver biopsy under laparoscopy before
and after the treatment with an interval of 5 years with a
minor patient-to-patient variation. Biopsied liver speci-
mens were stained for silver for evaluating fibrosis and
with D-periodic acid Schiff (PAS) for examining inflam-
matory changes.
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Statistical Analysis

Categorial variables were compared between groups by the
x” test and Fisher’s exact test, and non-categorial variables
by the Mann—~Whitney's U test.

Results
Baseline Characteristics of ATH Patients

Table 1 lists the baseline characteristics of the 48 patients
with ATH for whom HLA typing was performed and who
had received a long-term immunosuppressive therapy
(median 9 years [range: 5-28 years]) while they were
monitored for biochemical and histological responses.
Frequencies of HLA-DR are shown in Fig. 1. DR4 pre-
disposing Japanese patients to ATH [15, 16] was detected in
32 of the 48 (67%) patients, DR8 in nine (19%), DR14 in
11 (23%) and DR15 in 16 (33%) of the 48 AIH patients.

Biochemical Responses of ATH Patients with Reference
to HLA Types

Biochemical response with the normalization of aspartate
aminotransferase (AST) and ALT levels was achieved in 43
of the 48 (90%) patients after the initial aggressive treatment
with corticosteroids (30-60 mg/day of prednisolone) fol-
lowed by a small maintenance dose (10 mg/day or less).
However, 16 of the 43 (37%) responders required occasional
increased doses (20 mg/day or more) for the treatment of

Table 1 Baseline characteristics of the 48 patients with ATH

Features Normal range
Age (years) Not applicable 52 (22-71)
Men Not applicable 10 (21%)
AST (IU/D) 11-38 93 (16-1,550)
ALT (IU/D) 6-50 110 (16-2,640)
ALP (IUM) 117-350 282 (128-949)
y-GTP (IU/N) 9-109 84 (15-651)
y-Globulin (g/dl) 0.76-1.76 2.27 (1.36-4.59)
1gG (mg/dl) 870-1,700 2,632 (1,340-2,632)
ANA (x) <80 640 (0-10,240)
Fibrosis stage Not applicable

Fy 0

F, 19 (40%)

B, 17 (35%)

Fs 10 (21%)

By 2 (4%)

Data are expressed by the median with the range in parentheses or the

number with percentage in parentheses

35

Others

30—~
DR15

DR14 | |

Frequency

DR4 DR8 DR14 DR15
HLA Types

Fig. 1 HLA-DR alleles in the 48 patients with ATH. The allele in the
other chromosome is shown in patients with DR4, DR8, DR14, and
DR15

Table 2 Biochemical response in ATH patients with or without the
DR14 allele

HLA-DR Number Biochemical response Relapse
(n = 48) Complete Partial None
DR14 11(23%) 10091%)* 1(9%) O 0
Non-DR14 37 (77%) 10 (27%) 11 (29%) 5 (14%) 11 (28%)
DR4 32(67%) 11 (34%) 7 (22%) 3 (9%) 11 (34%)
DR8 9(19%) 3(33%) 2(22%) 1(11%) 3(33%)
DR15 15(31%) 6@0%) 7 (47%) 1(1%) 1 (7%)

Others 3 (6%) 1(33%) 2(67%)

Transaminase levels were normalized with a maintenance dose
of <10 mg prednisolone in complete responders and with that of
>10 mg in partial responders. Relapse was an exacerbation of
transaminase levels after they had been normalized by a maintenance
dose

* P < 0,001 vs. non-DR14

hepatitis flares. Response differed in patients with distinct
HLA-DR types (Table 2). Complete biochemical response
was more frequent in the patients with than without DR14
(10/11 [91%] vs. 10/37 {27%], P < 0.001).

Relationship Between Biochemical and Histological
Responses to Prednisolone Therapy in the 48 Patients
with ATH

Histological follow-ups were performed in the 48 patients,
and the HAI score markedly improved in 42 (88%), mod-
erately improved in two patients (4%) and worsened in the
remaining four (8%) (Table 3). Marked histological

_@_ Springer
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Table 3 Relationship between biochemical and histological respon-
ses to prednisolone therapy in the 48 patients with ATH

Biochemical Number Histological response
Response (n =48) Marked Moderate ~ Worsened
Response 32 31 (97%) 1 (3%) 0
Complete 20 19 (95%) 1(5%) 0
Partial 12 12 (100%) 0 0
No Response 5 2 (40%) 1 (20%) 2 (40%)
Relapse 11 9 (82%) 0 2 (18%)

Histology activity index (HAI) score decreased by =2 points in
marked response and by 1 point in moderate response

improvement was accomplished in 31 of the 32 (97%)

responders, while it was achieved in two of the four (50%)
non-responders and nine of the 11 (82%) relapsers. His-
tology worsened in four of the 16 (25%) patients without
biochemical response (non-responders and relapsers com-
bined), but in none of the 32 responders. Changes in the
total HAI score as well as respective scores for specific
histological parameters (periportal with/without bridging
necrosis; intralobular degeneration with focal necrosis;
portal inflammation; and fibrosis) are shown in Table 4.
The gain in total HAI score was due to an increase in

inflammation and not attributed to aggravation of fibrosis '

in each of them.

Histological Responses of ATH Patients with Reference
to HLA

Table 5 compares histological responses between the
patients with and without DR4. Although the pretreatment
HAI score was somewhat higher in the patients with than
without DR14 (9.8 & 3.5 vs. 7.9 &£ 3.3, P = 0.092), it
improved to comparable extents in both of them after
treatment (4.5 & 0.9 vs. 4.7 &£ 2.5). Thus, the marked
histological response with a decrease in HAI score >2 was
no different between the patients with and without DR14

Table 4 Changes in the total HAI score and those in respective
parameters in the four patients in whom histology worsened after
prednisolone treatment

Total HAI score (scores for each parameter”)

Before treatment After treatment

Patient 1 6Q,1,1,3) 8(1,31,3)
Patient 2 30,1,1,1) 6,3, 1,1
Patient 3 6(1,1,1,3) 8(L3, 1,3
Patient 4 13(3,3,3,4) 15 (4, 4,3, 4)

2 Four histological parameters were graded, including periportal
with/without bridging necrosis; intralobular degeneration with focal
necrosis; portal inflammation; and fibrosis

@ Springer

Table 5 Histological response in ATH patients with or without DR14

HLA-DR Number Histological improvement
Marked Moderate Worsened
DR14 11 (23%) 10 (91%) 1 (9%) 0
Non-DR14 37 (717%) 32 (86%) 1 (3%) 4 (11%)
DR4 32 (67%) 27 (84%) 1 (3%) 4 (13%)
DR8 9 (19%) 8 (89%) 1 (11%) 0
DRI15 15 (31%) 3 (93%) 0 1 (7%)
Others 3 (6%) 2 (67%) 0 1 (33%)

(10/11 [91%] vs. 32/37 [86%], P = 0.697). Improvement
in the histology was mostly due to changes in the necro-
inflammatory grade; there were few changes in the fibrosis
grade from the baseline values.

Figure 2 illustrates clinical and histological courses of a
representative patient (fernale, 50 years old, HLA-DR4/
DR14) who received eight laparoscopes and seven liver
biopsies during the follow-up for 20 years. Before she
received corticosteroid therapy, liver histology had already
progressed to cirrhosis, and she had to undertake sclero-
therapies for the treatment of esophageal varices. She had
to receive 10-30 mg prednisolone during initial few years
for the treatment of several hepatitis flares. Thereafter, her
liver function improved remarkably and had remained
within normal limits by a maintenance dose of < 10'mg
prednisolone through 17 years until the last follow-up.
Remarkably, she gained improvement not only in the
inflammation grade but also in the fibrosis stage. Serial
laparoscopic and histological findings of her liver are
demonstrated in Fig. 3. In other AIH patients, also,
aggressive immnosuppressive therapy prevented histolog-
ical progression and gained improvement in their long-term
outcomes, even though their responses to prednisolone
differed.

Discussion

In the present study, HLA typing was performed in 48 of the
78 (62%) patients with the definite diagnosis of AIH type-1.
They had been followed-up during a long-term corticoste-
roid treatment, with liver biopsies performed as frequently
as possible, and histological and biochemical responses
were correlated with HLA types. DR14, which has not
gained attention in ATH, was detected in 11 of the 48 (23%)
patients. Remarkably, the sustained biochemical response
was achieved more frequently in the ATH patients with than
without DR14 (10/11 [91%] vs. 10/37 [27%], P < 0.001).

The association of HLA types and AIH are under
regional influence. DR3 and DR4 are the main HLA

—-340—



Dig Dis Sci

Fig. 2 Clinical course of a
patient with ATH (female,

45 years old with HLA-DR4/
DR14) who had been followed
for 20 years. Doses of
prednisolone are indicated at the
top, and appearances of the liver
surface on laparoscopies, as
well as fibrosis stage and
inflammation grade on liver
biopsies, are shown in the
middle. During the initial few
years, she received up to 30 mg
prednisolone per day for
treatment of several hepatitis
flares. Thereafter, her liver
function improved remarkably
and had stayed within normal
limits through 17 years with

a maintenance prednisolone
dose < 10 mg

Fig. 3 Laparoscopic findings
and histological changes in the
patients with ATH. The patient
presented in Fig. 2 was
examined at three time points
(a, b, and c in Fig. 2).
Laparoscopic findings were
improved since she responded
to prednisolone since June,
1982. Histologically, typical
submassive necrosis and
interface-hepatitis were found in
the first biopsy (a). Since she
responded, necroinflammatory
changes improved, however

(b and ¢). Laparoscopic findings
are shown in right row, low-
power fields (x20) by silver
staining in the middle row; and
high-power fields (x200) by
D-PAS staining
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susceptibility alleles among Caucasoid Northern Europeans
and North Americans, and 84% of adult patients have
either or both of these alleles [17, 18]. In contrast, the
principal susceptibility allele for ATH in Japan is DR4
[15, 16]; DR3 is detected in none of them, however. DR4 is
also frequent in adult patients in Argentina and Mexico
[19, 20], while DRB13 prevails in Argentine and Brazilian
children with ATH [21, 22]. DR4 is associated with better
response and fewer relapse than DR3 in ATH patients from
Western countries [1]. However, there have been no reports
on the association of HLA types with treatment response in
patients with AIH in Japan. In the present study, DR4 was
detected in 32 of the 48 (67%) Japanese patients with AIH,
with a frequency comparable to those in previous reports
[15, 16]; DR4 was more common in ATH patients than in
the general Japanese population (67 vs. 22%) [23]. In
contrast, DR14 was comparably frequent in AIH patients
and the general population of Japan (23 vs. 17%) [23].
Thus, DR4 would predispose the Japanese population to
the development of ATH, while DR14 would not, albeit
DR14 would increase the response to corticosteroids in
ATH patients.

On the basis of DR4 that is more frequent in the
individuals with than without DR3, these alleles have
been regarded to behave independently and reciprocally
toward the susceptibility for ATH. Such a possibility has
been evaluated in peripheral blood mononuclear cells and
lymphocytes infiltrating in the liver [24]. Liver lympho-
cytes are sensitized with hepatocytes or hepatic autoan-
tigens. Even among inflammatory cells infiltrating the
portal area, CD4+ lymphocytes predominate in the
patients with than without ATH. These lines of evidence
implicate the class-II MHC in the pathogenesis of AIH, of
which DR4 and DR15 would play major roles in Japan. In
the patients with ATH who are positive for LKM-1 anti-
bodies, Thl cells dominate in the cytokine production
assay with a T-cell line specific for LKM-1 [25]. Com-
bined, CD4+ lymphocytes would be crucially required in
the manifestation of AIH by interacting with class-II
MHC antigens.

In conclusion, the association of MHC class-II antigens
with biochemical and histological responses to immuno-
suppressive treatment was evaluated in Japanese patients
with ATH, for predicting their long-term outcomes. On the
basis of the results obtained, DR14 would be associated
with favorable treatment response in Japanese patients with
ATH, which needs to be confirmed in an extended series of
patients. The validity of such an assumption will be eval-
uated by in vitro studies, which are underway.
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Here, we describe for the first time a case of sustained virological response (SVR) achieved in a patient
with chronic hepatitis C (CH-C) by monotherapy with a NS3-4A protease inhibitor, telaprevir, without
interferon therapy. A 59-year-old treatment-naive Japanese man was enrolled in a phase Il trial of telapre-
vir by repeat oral administration at a dose of 750 mg every 8 h for 24 weeks. At the start of treatment,
he exhibited a low-level viremia with genotype 1b of the hepatitis C virus (HCV). After the first week

ﬁiy‘;’ grt‘li:C virus of treatment with telaprevir, serum HCV RNA was undetectable, and negativity remained until the end
Pr (ﬁe ase inhibitor of treatment. Moreover, he was evaluated as having a SVR after the post-treatment 24-week follow-up
Telaprevir program. Two characteristics may explain the strong antiviral activity of telaprevir in the present case.

First, although pre-treatment PCR-direct sequencing and cloning for the N-terminal in the NS3 region
showed a protease inhibitor-resistant variant (T54A) in 1 of 32 independent clones, the T54A substitution
has only a low-level resistance to protease inhibitors and his viral load was low. Second, when compared
to a consequence sequence of 35 treatment-naive patients with HCV genotype 1b, R130K and Q195K
substitutions were unique to the present case. Although it is presently unknown whether the R130K and
Q195K substitutions are related to SVR, this case suggests that long-term telaprevir monotherapy may
be effective in CH-C patients with genotype 1 and a low viral load.

© 2009 Elsevier B.V. All rights reserved.

Sustained virological response

1. Introduction

The goals of antiviral treatment in patients with chronic hepati-
tis C (CH-C) are long-lasting eradication of the virus and a decrease
in disease-related hepatic mortality. Standard treatment uses a
combination of pegylated interferon and ribavirin (PEG-IFN-RBV),
which provides a sustained virological response (SVR) rate of over
50%.12 In Japan, approximately 70% of patients with CH-C are
infected with genotype 1b, and those with a high titer of genotype
1b (>100KIU/mL [Amplicor; Roche Diagnostics K.K. Tokyo, Japan])
have lower rates of SVR (<50%), even on 48 weeks of PEG-IFN-
RBV combination therapy.? Further, although treatment for CH-Cis
currently based on interferon (IFN), use of this agent is associated
with serious adverse effects in some patients, such as mental dis-
orders, apathy, and laboratory abnormalities.!?¢ Moreover, most
CH-C patients in Japan over 70 years of age cannot receive IFN ther-

* Corresponding author. Tel.: +81 44 877 5111, fax: +81 44 860 1623.
E-mail address: fumitakas@toranomon.gr.jp (F. Suzuki),

1386-6532/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10,1016/j,jcv.2009.09.029

apy due to either or both co-morbidities and the risk of adverse
effects. For these reasons, a new treatment strategy is needed for
patients with CH-C that displays high SVR rates and a favorable
side-effect profile.

One recently introduced treatment strategy for CH-C is inhi-
bition of the NS3-4A protease in the HCV polyprotein. Potential
inhibitors include telaprevir (VX-950; MP-424; Mitsubishi Tanabe
Pharma Co., Osaka, Japan), which has been selected as a clinical
therapy candidate for the treatment of CH-C.? In some patients with
genotype 1 and a high viral load, however, the efficacy of telaprevir
monotherapy was limited, and combination therapy of telaprevir
plus PEG-IFN-RBV is now standard.5-10 On this background, we
therefore Teport here for the first time a patient with CH-C who
achieved a SVR following monotherapy with telaprevir,

2. Case report

A 59-year-old Japanese man was admitted to Toranomon Hos-
pital, Tokyo in July 2007 following a positive result for HCV RNA at
general check-up. Laboratory tests before treatment showed mild
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Fig. 1. Clinical course during and after 24 weeks of telaprevir monotherapy.

elevation of ALT (46 IU[L), and persistent HCV infection with geno-
type 1b and low-level viremia (<5 Log IU/mL [COBAS TagMan HCV
test, Roche Diagnostics K.K. Tokyo]) that continued to remain low
until the start of treatment. He was diagnosed with CH-C by peri-
toneoscopy and liver biopsy (mild hepatitis [A1] and moderate
fibrosis [F2]) at our hospital in February 2008. He had not received
IFN therapy or any other antiviral drugs, and was enrolled in a
phase 1l trial of telaprevir. Written informed consent was obtained,
and the study was conducted in compliance with Good Clinical
Practice and the Declaration of Helsinki. Treatment with telapre-
vir was started in March 2008, at which time serum HCV RNA
was 3.9LoglU/mL. Treatment was by repeat oral administration
at a dose of 750 mg every 8 h for 24 weeks. Serum HCV RNA was
undetectable after the first week and remained negative until the
end of treatment (September 2008), and moreover remains unde-
tectable as of March 2009. He was evaluated as having a SVR after
the post-treatment 24-week follow-up program (Fig. 1).

The genome sequence for the N-terminal 609 nucleotides
(203 amino acids) in the NS3 region of HCV isolates from
the patient was analyzed before treatment with telaprevir.
HCV RNA was extracted from 100pl of serum and the

nucleotide sequences were determined by direct sequencing
and cloning. The primers used to amplify the NS3 region
were NS3-F1 (5/-ACACCGCGGCGTGTGGGGACAT-3'; nucleotides
3295-3316) and NS3-AS2 (5'-GCTCTTGCCGCTGCCAGTGGGA-3';
nucleotides 4040-4019) as the first (outer) primer pair and NS3-
F3 (5-CAGGGGTGGCGGCTCCIT -3'; nucleotides 3390-3407) and
NS3-AS2 as the second (inner) primer pair.!? Thirty-five cycles of
first and second amplifications were performed as follows: denat-
uration for 30s at 95°C, annealing of primers for 1 min at 63°C,
extension for 1 min at 72°C, and final extension was performed
at 72°C for 7 min. PCR-amplified DNA was purified after agarose
gel electrophoresis and amplification products of the second-round
PCR were ligated with plasmid and transformed in Esherichia coli
in a cloning kit (TA Cloning; Invitrogen, Carisbad, CA). Dideoxynu-
cleotide termination sequencing was performed with the BigDye
Terminator v1.1 Cycle Sequencing kit (Applied Biosystems Japan,
Tokyo). Sequences of 32 independent clones from the sample were
determined and analyzed. The pre-treatment analyses by PCR-
cloning showed a variant (T54A) resistant to protease inhibitors
in 1 of the 32 clones.

We also made a consensus sequence of the NS3 region from
the PCR-direct sequences of 35 treatment-naive Japanese patients
with HCV genotype 1b in our hospital (Fig, 2). Compared to the
consensus sequence, there were a total of 5 identical substitution
variants (V48], P89S, $122G, R130K, Q195K) within the 32 inde-
pendent clones from this patient, among which R130K and Q195K
were unique to this patient.

3. Discussion

Previous studies showed that telaprevir monotherapy for HCV
patients with genotype 1 and a high viral load demonstrated sub-
stantial antiviral activity, and the median maximum change was
—4.77 Log IU/mL with administration at 750mg every 8h for 2
weeks.87 In Reesink et al.,, HCV RNA decreased below the limit of
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Fig. 2. Evolution of the HCV NS3 gene sequence at the start of telaprevir monotherapy. Consensus sequence was made from the HCV RNA of 35 treatment-naive Japanese
patients with genotype 1b in our hospital. The number of clones within each sample of identical amino acid sequences is given on the right at the end of each sequence.

Dashes indicate identical amino acid sequences.
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detection (101U/mL) for 2 patients in the group receiving 750 mg
every 8h.% In some patients, however, HCV RNA levels increased
between days 7 and 14, and mutations that confer resistance
to telaprevir were detected. This trial of telaprevir monotherapy
was therefore terminated after 2 weeks, and combination ther-
apy of telaprevir plus PEG-IFN-RBV is now used in the USA and
Europe.8-10 Qur case may therefore represent an unusual and pos-
sibly serendipitous response to long-term telaprevir monotherapy,
and the efficacy of monotherapy remains unclear.

To our knowledge, this is the first report of a patient with CH-C
achieving SVR by telaprevir monotherapy, without the use of IFN.
Three treatment-naive Japanese patients were enrolled in our hos-
pital for this phase Il trial of telaprevir monotherapy over 24 weeks.
Before treatment, the 2 non-SVR patients had a high HCV RNA viral
load (>5 Log IU/mL), while the viral load in the SVR patient remained
low. Further, while HCV RNA decreased below the limit of detec-
tion (101U/mL) and negativity of HCV RNA remained until the end
of treatment in 2 patients, HCV RNA in the other non-SVR patient
reappeared after treatment cessation.

The development of drug resistance has been a challenge for
treatment strategies in many viral infections. The high replication
rate and the error-prone nature of viral RNA polymerases gen-
erate a viral quasi-species from which variants resistant to viral
inhibitors can be selected. Recently, Kuntzen et al. reported that
viral loads were high in the majority of treatment-naive patients
carrying mutations of protease and polymerase inhibitors.1? Low
viral load may therefore be an important factor for achieving SVR
by telaprevir monotherapy.

It has recently been reported that CH-C patients never treated
with an NS3-4A protease inhibitor may nevertheless possess vari-
ants resistant to protease inhibitors involving the HCV RNA NS3
region.}2-14 While there was a resistant variant (T54A) in this case,
this mutation exhibits only low-level resistance,” and the number
of mutant variants may have been few along with substantial sup-
pression of HCV replication by telaprevir. This may also help to
explain the effectiveness of telaprevir in this case.

Moreover, two amino acid substitutions (R130K and Q195K)
were unique to this patient. We therefore checked the nucleotide
sequence data in the DDBJ/EMBL/GenBank databases and found
a previous report by Franco et al. on the R130K substitu-
tion (EF013801, EF013863, EF013867, EF013869).1° Interestingly,
although only a minor clone (4% of total) in that study, the
viral load of the patient with the R130K substitution was also
low (23641U/mL). To date, however, the Q195K substitution has
not been reported. Their presence in this case may indicate that
telaprevir has a stronger antiviral activity against HCV with these
substitutions.

The NS3-4A protease targeted by protease inhibitors is required
for viral polyprotein processing, an essential step in viral replica-
tion, but is also responsible for disrupting IFN responses to the
infection.!® Previous studies have shown that high concentrations
of protease inhibitors may restore retinoic acid-inducible gene I
(RIG-1) signaling in HCV replicon cells, 16-18 and Liang et al. also
recently reported that protease inhibitors could restore interferon
regulatory factor 3 (IRF-3) signaling in HCV-infected cells.!® In
our patient, telaprevir may have therefore rescued the N53-4A-
mediated blockade of IRF-3 signaling in vivo.

Further studies are required, such as sequencing analyses of the
HCV NS3 region, and research into the rescue of IFN-B signaling
through the RIG-] pathway. It is foreseeable in the future for CH-C
patients to be treated by one or a combination of two or more oral
drugs with high efficacy and genetic barriers to resistance and low
side-effect profiles. Telaprevir may hold promise for being one of
these drugs, even if only within a subset of patients, and further
studies into telaprevir monotherapy or combination therapy with
other oral drugs is therefore warranted. Although still an isolated

response, based on our current molecular understanding of HCV
infection and pharmacotherapy, this case suggests that long-term
telaprevir monotherapy may be effective in other CH-C panents
with genotype 1 and a low viral load.
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Influence of Amino-Acid Polymorphism in the Core
Protein on Progression of Liver Disease in Patients
Infected With Hepatitis C Virus Genotype 1b
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The substitution of amino acid (aa) 70 of arginine
for glutamine and/or that of aa91 of leucine
for methionine in the core protein in patients
infected with hepatitis C virus {HCV) genotype 1bis
associated with a poor response to pegylated
interferon and ribavirin. Factors influencing these
substitutions were sought in 1,097 patients in-
fected with HCV-1b who had not received antiviral
treatment. HCV variants with Arg70 and Leu91
(wild-type) decreased, while those with Gin70 and/
or Met91 (mutant types) increased with age
(P < 0.001). Ofthe 1,097 patients, 464 (42.3%) were
infected with the GiIn70 variant and the remaining
633 patientswiththe Arg70variant. The proportion
of patients with the GIn70 variant increased with
the severity of liver disease (P < 0.001), elevated
v-glutamyl transpeptidase (y-GTP) levels (P<
0.001) and a decrease in platelet count (P=
0.008). In univariate analysis patients with hep-
atocellular carcinoma, elevated aspartate amino-
transferase (AST > 58 1U/L) and y-GTP (>611U/L),
and decreased albumin levels {<3.9g/dl) were
more frequent in the patients with the GIn70
variant than the Arg70 variant {(F=0.003, 0.005,
<0.001, and 0.031, respectively). In multivariate
analysis HCC (odds ratio 1.829 [95% confidence
interval 1.147-2.917]) and y-GTP >611U/L (1.647
[1.268-2.139]) increased the risk for the Gin70
variant. In conclusion, the substitution of amino
aa70 of Arg for Gln in patients infected with HCV-
1b increases with age, and it is associated with
severe liver disease accompanied by elevated
AST and y-GTP levels, aswell asthe development
of hepatocellular carinoma. J. Med. Virol
82:41-48,2010. © 2009 Wiley-Liss, Inc.
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INTRODUCTION

Worldwide, an estimated 170 million people are
infected with hepatitis C virus (HCV) persistently
[Cohen, 1999]. Decompensated cirrhosis and hepatocel-
lular carcinoma (HCC) can develop in about 30% of
patients infected with HCV [Alberti et al., 1999; Seeff,
2002]. HCV has six major genotypes and dozens of
subgenotypes, and they have distinct geographic dis-
tributions and are associated with the progression of
liver disease [Simmonds, 1995]. Host and virological
factors can influence the severity of liver disease and the
response to antiviral treatment. HCV infection in the
childhood and women runs a milder course than that in
adulthood and men, and the intake of alechol accelerates
the progression of liver disease [Poynard et al., 1997;
Kenny-Walsh, 1999; Vogt et al., 1999; Wiese et al., 2000].
Genotypes 1 and 4 aggravate liver disease and decrease
the response to antiviral treatment, in comparison with
genotypes 2, 3, and 6 [Tsubota et al., 1994; Hui et al.,
2003; Hadziyannis et al.,, 2004; Legrand-Abravanel
et al., 2005; Yuen and Lai, 2006]. High levels of HCV
RNA in the serum can induce severe liver disease and
decrease treatment response [Tsubota et al., 1994].

In Japan, genotype 1b in a high viral load (>100 KIU/
ml) accounts for >70% of HCV infection, and decreases
the treatment response in patients with chronic hep-
atitis C [Kumada et al,, 2006]. Even with pegylated
interferon (PEG-IFN) combined with ribavirin, the
sustained virological response for longer than 24 weeks
after the withdrawal of treatment is achieved merely in
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50% of the patients with HCV-1b in high levels [Manns
et al., 2001; Fried et al., 2002]. It is necessary to predict
the response to PEG-IFN/ribavirin before the start of
antiviral therapy, to avoid severe side-effects in the
patients who will barely gain sustained virological
response.

The core protein of HCV is coded for by the C gene, and
consists of 191 amino acids (aa) [Rosenberg, 2001].
Although the core protein is conserved better than the
other structural and non-structural proteins of HCV,
polymorphisms of core protein are known, and they
influence the response to antiviral treatment. In
patients infected with HCV-1b, for example, the sub-
stitution of arginine at pogition 70 (Arg70) for glutamine
(GIn70) and that of leucine at position 91 (Leu91)
for methionine (Met70) decrease sustained virclogical
response in the patients with chronic hepatitis C
who are treated with PEG-IFN/ribavirin and increase
the development of HCC [Akuta et al., 2007ab,d,
2008].

In the Department of Hepatology at the Toranomon
Hospital in Metropolitan Tokyo, the amino-acid
sequence of the core-protein was determined in 1,079
patients infected with HCV-1b who had not received
antiviral treatment. The substitution of Arg70 for GIn70
and that of Leu91 or Met 91 were correlated with the age
at presentation, liver function tests and the severity
of liver disease. Based on the results obtained,
GIn70 would contribute to the progression of chronic
hepatitis C.

MATERIALS AND METHODS
Patients

During 1966-2008, 1,097 patients infected with
HCV-1b visited the Department of Hepatology at the
Toranomon Hospital in Metropolitan Tokyo. They were:
(1) negative for hepatitis B surface antigen by radio-
immunoassay (Dainabot, Tokyo, Japan) or antibody to
human immunodeficieney virus type-1; (2) positive for
anti-HCV by a third-generation enzyme immunoassay
(Chiron Corp., Emeryville, CA) and HCV RNA by the
polymerase chain reaction (PCR) (Cobas Amplicor HCV
Monitor ver.2.0, Roche Diagnostics, Tokyo, Japan);
(3) infected with HCV genotype 1b but not with other
genotypes; (4) without previous antiviral treatment;
(5) without other forms of hepatitis, including hemo-
chromatosis, Wilson’s disease, primary biliary cirrhosis,
alcoholic liver disease and autoimmune liver disease;
and (6) had serum samples stored at —80°C. Of the 1,097
patients, 778 (70.9%) had chronic hepatitis, 221 (20.1%)
cirrhosis, and 98 (8.9%) HCC. Amino acids in the core
protein at positions 70 and 91 were determined, and
were correlated with liver disease and biochemical
and virological markers. Informed consent was obtained
from each patient in this study, and the protocol
conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki as reflected by approval by Ethic
Committee of the institution.
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Histopathological Diagnoses of
Liver Disease

Liver biopsy was performed under laparoscopy by a
modified Vim Silverman needle (Tohoku University
style, Kakinuma Factory, Tokyo). The sample was fixed
in 10% formalin, and was stained with hematoxylin
and eosin, Masson’s trichrome, silver impregnation, and
periodic acid-Schiff. It contained at least six portal
areas. The pathological diagnosis was made by one of the
authors (H.K.) who was blinded to the clinical data.
Chronic hepatitis was diagnosed based on the scoring
system of Desmet et al. [1994]. Cirrhosis was diagnosed
by imaging on ultrasonography (US), computed tomog-
raphy (CT), or magnetic resonance imaging (MRI). HCC
was diagnosed by US and/or CT. Angiography was
performed when HCC was strongly suspected by US,
CT, MRI, or liver biopsy. An increasing trend of tumor
markers was taken into consideration for the diagnosis
of HCC.

Determination of Amino-Acid Substitutions
in the Core Protein

Amino acid (aa) at position 70 of Arg or Gln and aa91 of
Leu or Met were determined by PCR with primers
specific for each of them [Okamoto et al., 2007]. It is
highly reproducible, and has a sensitivity of 94.4%in the
determination of aa70 or aa91 in samples with HCV
RNA titers >10KIU/ml. The concordance of the results
of this method with those of direct sequencing reached
97.1%. Amino acids at positions 70 and 91 were
confirmed by direct sequencing of most samples [Akuta
et al., 2005].

Statistical Analysis

Changes of Arg70/Leu91 (wild-type) and GIn70 and/or
Met91 (mutant types) with age were analyzed by the
Cochran—Armitage trend test (SAS version 9.1.3; SAS
Institute, Inc., Cary, NC). Frequencies were compared
between groups by the Kruskal-Wallis test and
Fisher’s exact test. Univariate and multivariate logistic
regression analyses were used for the evaluation of
factors independently associated with the substitution
of aa70. They included the following ten variables: age,
sex, liver disease, platelet count, hemoglobin, albumin,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), y-glutamyl transpeptidase (y-GTP), and
substitution of aa at position 91 in the core protein. Each
variable was transformed into categorical data consist-
ing of two simple ordinal numbers for univariate and
multivariate analyses. Variables that achieved statis-
tical significance on univariate analysis were tested by
the multivariate Cox proportional hazard model to

- identify independent factors. Statistical comparisons

were performed using SPSS ver.11.0 (SPSS, Inc.,
Chicago, IL). A P-value <0.05 by the two-tailed test
was considered significant.
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RESULTS

Clinical and Virological Characteristics of the
1,097 Patients Who Were Infected With HCV-1b

Table I lists the baseline characteristics of the 1,097
patients who were infected with HCV-1b and had not
received antiviral treatment. They had the median age
of 60 years and included 590 (53.8%) men. The median
transaminase levels were elevated, and alpha-fetopro-
tein was within the normal limit (<10pg/L). The
majority of the patients (70.9%) had chronic hepatitis,
while HCC had developed in 8.9% of the patients. Amino
acids at positions 70 and 91 in the core protein were both
the wild-type (Arg70 and Leu91) in 37.6% of them, and
both mutant types (GIn70 and Met91) in 16.4%. The
GIn70 variant was detected in 464 of the 1,097 (42.3%)
patients.

The Prevalence of Amino-Acid Substitutions
Stratified by Age and Sex

The 1,097 patients infected with HCV-1b were
classified into three age groups, and the prevalence of
Arg70/Leu91 (wild-type) and that of GIn70 and/or Met91
(mutant types) were compared (Fig. 1). Ag70/Leud1
decreased with age by trend analysis, from 63.6% in the
patients aged <30 years to 36.6% in those >41 years
(P<0.001 by the Cochran—Armitage trend test).
Table II lists the prevalence of the GIn70 variant in
men and women stratified by the age. There were no sex
differences in the prevalence of the GIn70 variant.

The Prevalence of the GIn70 Variant in Patients
With Different Liver Diseases

Figure 2 compares the prevalence of the GIn70 variant
among patients infected with HCV-1b who presented
with different liver diseases at the baseline. The
prevalence of the GIn70 variant increased with the
progression of liver disease from chronic hepatitis

TABLE 1, Clinical and Virological Characteristics of the
1,097 Patients Who Were Infected With Hepatitis C Virus
of Genotype 1b

Age (years) 60 (19-83)
Men 590 (53.8%)
Follow-up period (years) 8 (3-28)

Hemoglobin (g/dD

14.0 (4.5—26.8)
Platelets (x 10%/mm®)

16.4 (2.0-34.1)

Aspartate aminotransferase (IU/L) 58 (8—617)
Alanine aminotransferase (IU/L) 69 (6-776)
Alpha-fetoprotein (pg/L) 6 (2—65,700)
Liver disease
Chronic hepatitis 778 (70.9%)
Cirrhosis 221 (20.1%)
Hepatocellular carcinoma 98 (8.9%)
Amino acids in the core protein
Arg70/Leu91 (double wild-type) 412 (87.6%)
GIn70/Leu91 (mutant type) 284 (25.9%)
Arg70/Met91 (mutant type) 221 (20.1%)
GIn70/Met91 (double mutant type) 180 (16.4%)

Values are the median with range in parentheses or the number with
percentage in parentheses.
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Fig. 1. The age-specific prevalence of GIn70 in treatment-naive
patients infected with HCV-1b.

(32.6%) to cirrhosis (43.0%) and HCC (53.1%)
(P < 0.001 by the Kruskal—Wallis test). In patients with
cirrhosis, the 126 patients with the Arg70 variant were
aged with the mean of 62 years (range: 32—78 years) in
comparison with the 95 patients with the GIn70 variant
who were aged 59 years (25—80). In patients with HCC,
the 47 patients with the Arg70 variant were aged with
the mean of 66 years (range: 37—81 years) in comparison
with the 51 patients with the GIn70 variant who were
aged 66 years (46-78).

TABLE II. Frequency of GIn70 in the Core Protein in
Patients Infected With HCV-1b Stratified by Age and Sex

Age (years) Men Women Differences
19-30 23.6% (4/17) 20% (1/5) 1.0
31-40 34.1% (14/41) 38.9% (7/18) 0.773
41-50 37.2% (45/121) 40% (14/35) 0.763
51-60 39.1% (72/184)  40.1% (63/157) 0.912
61-70 36.0% (62/172)  30.1% (74/246) 0.205
70-83 45.5% (25/55) 43.5% (20/46) 0.842
Total 37.6% (222/590) 35.83% (179/5607) 0.451

J. Med. Virol. DOI 10.1002/jmv
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Fig. 2. The prevalence of the GIn70 variant among patients with
chronic hepatitis, cirrhosis and hepatocellular carcinoma.

The Influence of yv-GTP Levels on the
Prevalence of the GIn70 Variant

The prevalence of GIn70 was compared among
patients with different y-GIP levels at the baseline
(Fig. 3). The prevalence of the GIn70 variant increased
in parallel with the y-GTP levels from 29.0% to 49.6%
(P < 0.001 by the Kruskal—-Wallis test).

The Influence of Platelet Count on the
Prevalence of the GIn70 Variant

The prevalence of the GIn70 variant was compared
among three groups of patients with various platelet
counts at the baseline (Fig. 4). The prevalence of the
Gln70 variant increased as the platelet count decreased
(P =0.008 by the Kruskal—-Wallis test).

Factors Associated With the GIn70 Variant in
Patients Infected w1th HCV—lb

Since the GIn70 variant, in comparlson ‘with the
Arg70 variant, aggravated liver disease in patients
infected with HCV-1b (Figs. 2—4), ten factors were
evaluated for the association with the GIn70 variant by
the univariate analysis (Table III); the cut-off value was

J. Med. Virol. DOY 10.1002/jmv

Kobayashi et al.

[] agro B anro

P<0.001

e i T T 1

71.0

80

70 -

60 —

50

40 ~

Frequency (%)

30

20

10 —

(n = 275)
61~108 U/l

{(n = 562)
<60 U/l

{n = 260)
1o uil

y-GTP in Serum

Fig. 3. The prevalence of the GIn70 variant among patients with
different y-GTP levels.

set at the median of studied patients. Among them,
HCC, elevated levels of AST (>581IU/L) and y-GTP
(>61U/L), as well as decreased albumin concentration
(«<8.9g/dl), were associated with the GIn70 variant
(P=0.003, 0.005, <0.001, and 0.031, respectively). A
similar analysis was performed for the substitution of
Leu91 for Met91 (Table IV). Except for the association
with the substitution of Arg70 for GIn70, the Met91
variant had no influence on any variable examined.

Two factors associated independently with the GIn70
variant were identified by the multivariate analysis
(Table V). The risk for the GIn70 variant was increased
by HCC (odds ratio 1.829 [95% confidence interval
1.147-2.917], P=0.011) and y-GTP >61IU/L (1.647
[1.268-2.139], P < 0.001).

DISCUSSION

The response to PEG-IFN and ribavirin is influenced
by genotypes and viral load, and is poorest in patients
with HCV-1b in high HCV RNA levels [Manns et al.,
2001; Fried et al., 2002; Hadziyannis et al., 2004]. The
prediction of sustained virological response would
circumvent side-effects and costs in non-responders.
Amino-acid substitutions in the core protein are useful
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for predicting the non-response in patients infected with
HCV-1b. The substitution of Arg70 for GIn70 in the
prototype sequence of HCV-1b [Kato et al., 1990] and/or
that of Leu91 for Met91 can predict the non-response to
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IFN-based treatment [Akuta et al., 2005, 2006, 2007c¢,d].
It has been beyond the scope of previous studies,
however, whether or not these amino-acid substitutions
influence the progression of hepatitis C in the patients
who have not received antiviral treatment. The avail-
ability of pre-treatment sera from many patients
with chronic hepatitis C permitted the evaluation of
the influence of aa substitutions in the core protein on
the progression of liver disease without therapeutic
intervention.

First, the prevalence of the GIn70 variant increased
with the age of patients until they had reached 50 years
(Fig. 1). It is not certain if HCV-1b with Arg70 under-
went a point mutation for Gln70 (G-to-A at nucleotide
209), or these amino-acid residues were present in HCV-
1b strains prevalent at the time of infection. Follow-up
of patients for aa substitutions will resolve this
issue. Another possibility for this difference would be a
selection bias. If the patients with the Arg90 variant fare
better than those with the Gln70 variant, they would not
develop liver disease severe enough to visit hospital.

Secondly, the patients infected with HCV-1b with
GIn70 increased in parallel with y-GTP levels and
the severity of liver disease from chronic hepatitis to
cirrhosis and HCC, as well as with a decrease in platelet
count (Figs. 2—4). Since the Met91 variant did not make
such difference, the aggravation of liver disease would
have been due to the GIn70 variant, but not to the Met91
variant. Increases in the y-GTP level may have been
related to the development of HCC; y-GTP has been
proposed as a sensitive marker of cirrhosis and
HCC [Penn and Worthington, 1983]. Decreased platelet
counts have been associated with HCC [Ikeda et al,,
2001; Lu et al., 2006; Kumada et al., 2009]. Although the
proportion of the GIn70 variant increases with the
severity of liver disease (Fig. 2), the median age of
patients with cirrhosis or HCC did not differ between the
patients with the Arg70 variant and GIn70 variant who

TABLE IIL. Factors Associated With the Substitution of aa70 of Arginine for Glutamine in
the Core Protein in 1,097 Patients Infected With HCV Genotypelb by Univariate Analysis

Factor Category GIn70 P-value
Sex 1: Male 38.6% (228/590) 0.663
2: Female 37.8% (189/507)
Age (years) 1: <60 40.6% (219/540) 0.093
2: >60 35.5% (198/557)
AST (IU/L) 1: <58 33.9% (184/543) 0.005
2: >58 42.2% (234/554)
ALT (QU/L) 1: <75 36.9% (213/578) 0.376
2: >75 39.3% (204/519)
Albumin (g/dl) 1: <3.9 42.5% (194/457) 0.031
2: >3.9 35.8% (229/640)
v-GTP (IU/L) 1: <61 29.0% (163/562) <0.001
2: > 61 44.4% (238/535)
Hemoglobin (g/dD) 1: <14 35.1% (176/501) 0.083
i 2: >14 40.4% (241/596)
Platelet count (x103/mm?) 1: <150 39.9% (207/519) 0.253
2: >150 36.3% (210/578)
Hepatocellular carcinoma 1: No 36.6% (366/999) 0.003
2: Yes 53.1% (52/ 98)
Substitutions of core aa91 1: Leucine 35.6% (227/638) 0.051
41.4% (190/459)

2: Methionine

JJ. Med. Virol. DOI 10.1002/jmv
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TABLE IV. Factors Associated With the Substitution of aa9l of Leucine for Methionine in
the Core Protein in 1,097 Patients Infected With HCV Genotypelb by Univariate Analysis

Factor Category Met91 P-value
Sex 1: Male 40.8% (241/5690) 0.500
2: Female 43.0% (218/507)
Age (years) 1. <60 43.5% (235/540) 0.271
2: >60 40.2% (220/517)
AST (IU/L) 1: <58 43.6% (234/537) 0.196
2: >58 39.7% (217/547)
ALT (IU/L) 1: <75 42.4% (238/561) 0.618
2: >76 40.8% (205/502)
Albumin (g/dD) 1: <3.9 42.0% (177/421) 0.797
2: >3.9 41.2% (249/604)
vy-GTP (TU/L) 1: <61 40.4% (237/588) 0.327
2: >61 43.4% (222/511)
Hemoglobin (g/dD) 1: <14 40.8% (193/473) 0.658
2: >14 42.3% (240/567)
Platelet count (x10%/mm?®) 1: <150 40.5% (202/499) 0.454
2: >150 42.9% (240/559)
Hepatocellular carcinoma 1: No 42.3% (423/999) 0.334
2: Yes 36.7% (36/ 98)
Substitutions of core aa7l 1; Arginine 49.0% (269/680) 0.051
2: Glutamine 45.6% (190/417)

had cirrhosis (62 years vs. 59 years) of HCC (66 years vs.
66 years). This would indicate a possibility that the
GIn70 variant would be a factor for the aggravation of
liver disease that might be independent of age.

The distinct capacity of GIn70 and Met91 for decreas-
ing the response to combined treatment in patients
infected with HCV-1b was proposed in a recent study
[Okanoue et al.,, 2008]. The GIn70 variant decreased
sustained virological response, while the Met91 variant
did not, although the Met91 variant reduced the rate of
rapid virological response within 4 weeks after the start
of therapy. The role of the GIn70 variant greater than
that of the Met91 variant in the progression of liver
disease has been confirmed in this study (Tables III
and IV). In the multivariate analysis, the risk for GIn70
was increased by HCC (odds ratio 1.829 [95% confidence
interval 1.147-2.9171) and y-GTP >61U/L (1.647
[1.268—2.139]). The GIn70 variant would aggravate
liver disease toward the development of HCC in patients
infected with HCV-1b who have not received antiviral
treatment. ’

It would be a matter of conjecture how the GIn70
variant influences the severity of liver disease. Previous
suggestions for a reduced response of patients with the
GIn70 variant were confined to interaction of the core
protein with IFN receptors and IFN-signaling pathways
[Alexander, 2002; Blindenbacher et al., 2003; Bode et al.,
2003]; these studies wererestricted to patients receiving

IFN-based treatments [Akuta et al., 2007a,b,d, 2008].
The ability of the GIn70 variant for accelerating the
progression of liver disease, in the absence of exogenous
IFN, has changed this issue into a wider perspective.
There still remains a possibility, however, that the
GIn70 variant would interact with the endogenous IFN
induced by HCV infection, and aggravate liver disease.

Another possibility may be the cytotoxic T-cell (CTL)
response, as has been demonstrated for the patho-
genesis of chronic hepatitis B [Chisari and Ferrari,
1995]. Since both hepatitis B virus (HBV) and HCV do
not have a cytopathic capacity, hepatitis B and C would
be mediated by immune responses directed at viral
proteins. Amino-acid sequences bearing a CTL epitope
restricted by the MHC class-I are demonstrated in the
HBYV core protein [Bertoletti et al., 1993; Bertoletti and
Gehring, 2006], and are implicated in liver disease in the
patients with the HLA-2 phenotype [Penna et al., 1991;
Bertoletti et al., 1994]. It is tempting to speculate that
the substitution of Arg70 for GIn70 might generate
a CTL epitope and stimulate cytotoxic lymphocytes
toward inflammation of the liver [Kita et al., 1993;
Jackson et al., 1999].

In conclusion, amino-acid substitutions in the core
protein influence the progression of liver disease, and
the GIn70 variant aggravates hepatic inflammation and
increases the risk for HCC in the patients who have not
received antiviral treatment. The ability of the GIn70

TABLE V. Factors Associated with the Substitution of aa70 of Arginine for Glutamine in the
Core Protein in 1,097 Patients Infected with HCV Genotypelb by Multivariate Analysis

Factor Category Odds ratio (95%CI) P-value

Hepatocellular carcinoma 1: No 1 0.011
2: Yes 1.829 (1.147-2.917)

v-GTP (IU/L) 1: <61 1 <0.001
2: >61 1.647 (1.268-2.139)
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variant to aggravate liver disease, in the absence of
exogenous IFN, would lend further support on its
capacity of predicting sustained virological response
before the start of therapy. It is possible that mecha-
nisms other than the resistance to IFN, such as cytotoxic
T-cell responses, might be involved in an increased
pathogenetic potential of HCV-1b with GIn70.
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