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A multicenter survey of re-treatment with pegylated
interferon plus ribavirin combination therapy for patients
with chronic hepatitis C in Japan
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Aim: This study aimed to clarify the factors associated the
efficacy of re-treatment with pegylated interferon (PEG IFN)
plus ribavirin combination therapy for patients with chronic
hepatitis C who had failed to respond to previous treatment.

Methods: One hundred and forty-three patients who had
previously shown relapse (n =79), non-response (n =34) or
intolerance (n = 30) to PEG IFN plus ribavirin were re-treated
with PEG IFN plus ribavirin.

Results: Twenty-five patients with intolerance to previous
treatment completed re-treatment and the sustained virologi-
cal response (SVR) rates were 55% and 80% for hepatitis C
virus (HCV) genotype 1 and 2, respectively. On re-treatment of
the 113 patients who completed the previous treatment, the
SVR rates were 48% and 63% for genotype 1 and 2, respec-
tively. Relapse after previous treatment and a low baseline
HCV RNA level on re-treatment were associated with SVR in
genotype 1 (P <0.001). Patients with the interleukin-28B
major genotype responded significantly better and earlier to

re-treatment, but the difference in the SVR rate did not reach
a significant level between the major and minor genotypes
(P=0.09). Extended treatment of 72 weeks raised the
SVR rate among the patients who attained complete early
virological response but not rapid virological response with
re-treatment (72 weeks, 73%, 16/22, vs 48 weeks, 38%, 5/13,
P < 0.05).

Conclusion: Relapse after previous treatment and a low
baseline HCV RNA level have predictive values for a favorable
response of PEG IFN plus ribavirin re-treatment for HCV geno-
type 1 patients. Re-treatment for 72 weeks may lead to clini-
cal improvement for genotype 1 patients with complete early
virological response and without rapid virological response
on re-treatment.

Key words: chronic hepatitis C, pegylated interferon and
ribavirin combination therapy, re-treatment

INTRODUCTION

EGYLATED INTERFERON (PEG IEN) plus ribavirin
combination therapy can show antiviral efficacy for
patients with chronic hepatitis C (CH-C). However, a
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sustained virological response (SVR), which is defined
as undetectable serum hepatitis C virus (HCV) RNA
at 24 weeks after the treatment, remains at 50% for
patients with HCV genotype 1 and 80% for those with
HCV genotype 2 treated with PEG IFN plus ribavirin.'-¢
The number of patients who fail to achieve a SVR
increases over time, requiring urgent action to eradicate
HCV in them.

Recently, addition of the first-wave protease inhibitor
telaprevir to PEG IFN plus ribavirin combination
therapy, which has been reported to improve antiviral
efficacy, has become commercially available, but this
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triple therapy increases side-effects, especially severe
anemia and skin rash.””'" Second-wave protease inhibi-
tors, such as TMC435, which not only improve antivi-
ral efficacy but also decrease side-effects, have been
developed and are undergoing clinical trials.'? Also,
IFN-free regimens, such as protease inhibitor and poly-
merase inhibitor combination therapy, have been
developed.”' In Japan, HCV carriers are increasing in
an aging population, and large numbers of patients
are ineligible for triple therapy with telaprevir due to
potential anemia. That is why re-treatment with PEG
IFN plus ribavirin is a possible choice for patients who
failed to achieve SVR to previous antiviral therapy or
patients ineligible for triple therapy with telaprevir
who must wait until next-generation antiviral therapies,
such as triple therapy with second-wave protease
inhibitors or IFN-free regimens, become commercially
available.

As for re-treatment with PEG IFN plus ribavirin,
some studies have been reported but the subjects and
treatment protocols were varied.'>"* According to past
reports, the previous treatment response is associated
with the efficacy of the re-treatment'’*® and the SVR
rates in re-treatment ranged 4-23%.'"'® Recently, host
factors, such as single nucleotide polymorphisms (SNP)
located near the interleukin (IL)-28B gene, and virus
factors, such as the amino acid substitutions in the HCV
core region, were revealed to have a strong impact on
SVR in PEG IFN plus ribavirin combination therapy
for naive CH-C patients.”'-?® Moreover, response-guided
therapy which extends treatment duration until
72 weeks for patients with a slow virological response
can raise the SVR rate for naive CH-C patients.?”-?
However, the value of IL-28B SNP has been uncertain in
re-treatment and the most appropriate treatment dura-
tion in re-treatment is still unclear. Although it remains
obscure which factors are associated with SVR in
re-treatment with standard PEG IFN plus ribavirin
therapy as pointed out above, some patients do respond
to re-treatment and it is very important to be able to
identify them. Such findings will be valuable for opti-
mizing the antiviral treatment for CH-C patients by
making it possible to decide which patients should be
considered for re-treatment with PEG IFN plus ribavirin
therapy and which should wait for next-generation anti-
viral treatment.

In the present study, we tried to determine which
patients could benefit from re-treatment and to iden-
tify the factors associated with SVR in re-treatment,
including the host genome SNP and treatment
duration.

© 2012 The Japan Society of Hepatology
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METHODS

Patients

HIS RETROSPECTIVE, MULTICENTER study was

conducted by the Study Group of Antiviral Therapy
for Difficult-to-Treat Chronic Hepatitis C supported
by the Ministry of Health, Labor and Welfare, Japan.
This study was conducted with 143 CH-C patients, 113
patients (genotype 1, n=86; genotype 2, n=27) who
had previously completed PEG IFN-c¢-2b plus ribavirin
combination therapy but had failed to attain SVR, and
30 patients (genotype 1, n = 22; genotype 2, n = 8) who
had previously discontinued this combination therapy
due to adverse events.

Treatment

For the previous treatment, patients had been treated
with PEG IFN-a-2b (PEGINTRON; MSD, Whitehouse
Station, NJ, USA) plus ribavirin (REBETOL; MSD). For
re-treatment with PEG IFN plus ribavirin, patients were
treated PEG IFN-o-2a (PEGASYS; Roche, Basel, Switzer-
land) plus ribavirin (COPEGUS; Roche) or PEG IFN-
a-2b plus ribavirin. In principle, as a starting dose, PEG
IFN was given once weekly at a dose of 180 ug of PEG
IFN-0a-2a and 1.5 pg/kg of PEG IFN-o-2b and ribavirin
was given at a total dose of 600-1000 mg/day based on
bodyweight (bodyweight, <60 kg, 600 mg; 60-80 kg,
800 mg; 280 kg, 1000 mg), according to the standard
treatment protocol for Japanese patients and the deci-
sion of the investigator at the participating clinical
center. Dose modification followed, as a rule, the
manufacturer’s drug information on the intensity of the
hematological adverse effects.

Laboratory tests and virological assessment

Examination of peripheral blood, transaminase and the
serum HCV RNA level were tested at the start of treat-
ment, weeks 4, 12 and 24, end of treatment (EOT), and
24 weeks after the treatment. Sequences of the IFN-
sensitivity determining region (ISDR) and the core
region of HCV were determined at start of the previous
treatment, and the number of mutations in the ISDR,
the amino acid substitutions at core 70 and 91,
glutamine (Gln) or histidine (His) at core 70 and
methionine (Met) at core 91, were analyzed. Genetic
polymorphisms located near the IL-28B gene
(rs8099917) and ITPA gene (rs1127354) were deter-
mined. As for the IL-28B gene, homozygosity for the
major sequence (TT) was defined as having the 1L-28B
major allele, whereas homozygosity (GG) or heterozy-
gosity (TG) of the minor sequence was defined as having
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the IL-28B minor allele. As for the ITPA gene, homozy-
gosity for the major sequence (CC) was defined as
having the ITPA major allele, whereas homozygosity
(AA) or heterozygosity (CA) of the minor sequence was
defined as having the ITPA minor allele. The serum HCV
RNA level was quantified using the COBAS AMPLICOR
HCV MONITOR test ver.2.0 (detection range,
6-5000 KIU/mL; Roche Diagnostics, Branchburg, NJ,
USA) or COBAS TagMan HCV test (detection range,
1.2-7.8 log;, IU/mL) and qualitatively analyzed using
the COBAS AMPLICOR HCV test ver. 2.0 (lower limit
of detection, 50 IU/mL). When the serum HCV RNA
level quantified by the COBAS TagMan HCV test was
less than 1.7 logi, IU/mL, which was equivalent to
50 IU/mL of HCV RNA, that case was judged as HCV
RNA negativiation against the lower limit of detection of
the COBAS AMPLICOR HCYV test.

Definition of virological response

A rapid virological response (RVR) was defined as unde-
tectable serum HCV RNA level at week 4, partial early
virological response (p-EVR) as a more than 2-log
decrease in the HCV RNA level at week 12 compared
with the baseline, complete EVR (c-EVR) as undetect-
able serum HCV RNA at week 12, late virological
response (LVR) as detectable serum HCV RNA at week
12 and undetectable at week 24, and SVR as undetect-
able serum HCV RNA at 24 weeks after the treatment.
Relapse was defined as undetectable serum HCV RNA at
the EOT but a detectable amount after the treatment.
Patients without p-EVR or without clearance of HCV
RNA at week 24 were considered to be showing non-
response (NR), and treatment was stopped in both the
previous treatment and this re-treatment. A patient
who attained HCV RNA negativiation during the
re-treatment continued to be treated for 48 weeks or
72 weeks according to response-guided therapy or the
decision of the investigator at the participating clinical
center.

Statistical analysis

Baseline data of the patients are expressed as
means * standard deviation or median values. In order
to analyze the difference between baseline data or the
factors associated with SVR, univariate analysis using the
Mann-Whitney U-test or ¥>-test and multivariate analy-
sis using logistic regression analysis were performed. A
two-tailed P-value of less than 0.05 was considered
significant. The analysis was conducted with SPSS
ver. 17.0] (IBM, Armonk, NY, USA).
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RESULTS

HE PATIENT FLOW in this study is shown in

Figure 1. Among the patients who had previously
discontinued PEG IFN-¢-2b plus ribavirin combination
therapy, two patients underwent splenectomy to
increase platelet count prior to re-treatment, 25 com-
pleted re-treatment of PEG IEN plus ribavirin combina-
tion therapy and 15 achieved SVR (genotype 1, n=11;
genotype 2, n=4).

All of the patients who completed previous treatment
also completed re-treatment and the baseline character-
istics of those patients are shown in Table 1. Of the
86 genotype 1 patients, 54 were relapsers and 32 had
shown NR to previous treatment. Of the 27 patients
with genotype 2, 25 were relapsers and two had shown
NR to previous treatment. Thirty-seven patients with
genotype 1 and 14 patients with genotype 2 were
assessed as IL-28B genotype, and 27 patients with geno-
type 1 and 10 patients with genotype 2 were assessed as
ITPA genotype. There was no significant difference in
the baseline characteristics between the previous treat-
ment and the re-treatment with respect to peripheral
blood cell counts, amino transaminase level and serum
HCV RNA at the start of treatment (Table 1).

The baseline characteristics of patients with genotype
1 according to antiviral efficacy of the previous treat-
ment are shown in Table 2. Among those with NR in the
previous treatment, the rate of the minor allele of IL-28B
was significantly higher than those with relapse in the
previous treatment (P < 0.01). For genotype 1, the HCV
RNA negative rate on re-treatment was 20% (17/86) at
week 4, 61% (52/85) at week 12 and 76% (65/86) at
week 24, and the SVR rate was 48% (41/86). The factors
associated with SVR were assessed by univariate analysis
and the factors of relapse after previous treatment and
the serum HCV RNA level at the start of re-treatment
were selected as being significant (Table 3). The SVR

Enroll

Enrollment =143

[ 1
Drop out Complete
n=30 n=113
Complete

n=113

——

Genotypel
48% (41/86)

Previous treatment

Complete Drop out
n=25 n=5

——
Re-treatment Genotypel Genotype2
SVR 55% (11/20) 80% (4/5)
Figure 1 Patient flow for this study. SVR, sustained virological
response.

Re -treatment

Genotype2
63% (17/27),

© 2012 The Japan Society of Hepatology



38 T.Ozeetal.

Hepatology Research 2013; 43: 35-43

Table 1 Baseline characteristics of patients and treatment factors in previous treatment and re-treatment

Factor Genotype 1 Genotype 2
No. 86 27
Sex: male/female 46/40 15/12
Effect of previous treatment; 54/32 25/2
relapse/NR
Previous treatment Re-treatment Previous treatment Re-treatment

PEG IFN type: a-2a/a-2b 0/86 41/45 0/27 6/21
Age (years) 58.1+8.3 60.0 8.5 58.9+8.2 60.0+8.1
White blood cells (/mrns) 4779 + 1383 4610 £ 1443 5195+ 1473 4724 + 1266
Neutrophils (/mm?) 2478 £ 930 2355+ 1071 2561 £ 827 23891941
Hemoglobin (g/dL) 13.7+1.2 13.5+1.7 14.4+13 14.0+1.2
Platelets (x10*/mm?) 16.0£5.9 16.6£6.2 18.0%5.7 16.8£5.2
ALT (IU/L) 75151 73+72 57+ 46 42 +32
Histology: activity, 0-1/2-3 29/29 11/7

Fibrosis, 0-2/3-4 45/14 17/1
Serum HCV RNA (KIU/mL) 1600 850 1500 700
[L-28B SNP: 1s8099917; TT/TG 26/11 10/4
ITPA SNP: 1s1127354; CC/CA 20/7 9/1
Core 70: wild/mutant 11/11
Core 91: wild/mutant 15/7
ISDR: 0-1/22 15/1

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,

non-response; PEG, pegylated; SNP, single nucleotide polymorphism.

rates of relapsers were significantly higher than those of
patients with NR in the previous treatment (relapse,
67%, 36/54 vs NR, 16%, 5/32, P <0.0001). As for the
serum HCV RNA level at the start of re-treatment,
although the SVR rate of those patients with 5 log;,
IU/mL or more of HCV RNA was 38% (26/69), all
patients with less than 5 log,, IU/mL of HCV RNA
attained SVR (11/11) (P=0.0001). As for the IL-28B
genotype, among the patients with the major allele,
the p-EVR rate was significantly higher and the EOT
response rate showed marginal significance compared
to that with the minor allele (p-EVR rate, 100%, 23/23
vs 30%, 3/10, P < 0.0001, EOT rate, 92%, 24/26 vs 64%,
7/11, P =0.05). There was no significant difference of
the SVR rate between major and minor alleles (major,
65%, 17/26 vs minor, 36%, 4/11, P =0.15).

Figure 2(a) shows the result of stratified analysis
according to the previous treatment response and HCV
RNA at the start of re-treatment. The significant differ-
ence in SVR observed between high (25 log, IU/mL)
and low (<5 logic IU/mL) baseline viral loads was still
found in both previous relapsers (P =0.02) and previ-
ous non-responders (P=0.02). In patients with a high
baseline viral load, previous relapsers achieved a higher

© 2012 The Japan Society of Hepatology

SVR rate than previous non-responders (P < 0.0001).
Next, the results of stratified analyses according to
IL-28B genotype and previous treatment response or
HCV RNA at the start of re-treatment showed no signifi-
cant difference in SVR rates between the IL-28B geno-
type in patients with relapse after previous treatment
(P =0.63) (Fig. 2b). All patients with less than 5 log;,
IU/mL of HCV RNA achieved SVR despite their IL-28B
genotype and the SVR rates of patients with 5 log,
IU/mL or more of HCV RNA did not differ between
IL-28B genotypes (Fig. 2¢). Multivariate analysis among
the factors of relapse to previous treatment response,
HCV RNA at the start of re-treatment and IL-28B geno-
type showed that relapse after previous treatment
response bore the most predictable relationship to SVR
in re-treatment (P = 0.074).

As for the efficacy of re-treatment according to treat-
ment duration among patients with HCV RNA negativ-
ity during re-treatment, the SVR rate of 72-week
treatment was significantly higher than that of 48-week
treatment (72 weeks, 73%, 29/40, vs 48 weeks, 52%,
12/25, P<0.05). This significant difference was espe-
cially found in patients who attained ¢-EVR but not RVR
on re-treatment (72 weeks, 73%, 16/22, vs 48 weeks,
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Table 2 Baseline characteristics of patients and treatment factors according to the virological response in previous treatment among

patients with genotype 1

Factor Relapser in previous treatment NR in previous treatment
No. 54 32
Sex: male/female 28/26 18/14

Previous treatment

Re-treatment Previous treatment Re-treatment

PEG IEN type: a-2a/a-2b 0/54

Age (years) 58.1+8.1

White blood cells (/mm?) 4917 £1290

Neutrophils (/mm?) 2618 + 846

Hemoglobin (g/dL) 13.9+1.2

Platelets (x10*/mm?) 17.1£6.3

ALT (IU/L) 75+ 57

Histology: activity, 0-1/2-3 20/18
Fibrosis, 0-2/3-4 31/8

Serum HCV RNA (KIU/mL) 1600

[L-28B SNP: 1s8099917; TT/TG 24/5

ITPA SNP: 1s1127354; CC/CA 15/6

Core 70: wild/mutant 6/6

Core 91: wild/mutant 9/3

ISDR: 0-1/22 9/0

29/25 0/32 12/20
60.3+8.4 57.9+8.9 59.6+ 8.8
4692 + 1035 4546 +1520 4462 +1993
2479 + 805 2225 + 1033 2105 + 1454
13.7+1.6 13.5+1.3 13.1+1.9
17.7+6.1 14.1+4.7 14.7+6.2
70+76 75439 78+ 64

9/11

14/6
980 1550 800

2/6

5/1

5/5

6/4

6/1

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,

non-response; PEG, pegylated; SNP, single nucleotide polymorphism.

38%, 5/13, P < 0.05) but not in patients who attained
RVR or LVR (Fig. 3).

In genotype 2, the HCV RNA negative rate on
re-treatment was 59% (16/27) at week 4, 85% (23/27)
at week 12 and 93% (25/27) at week 24, and the SVR
rate was 63% (17/27). The two patients with NR in
previous treatment did not attain SVR with re-treatment.
The factors associated with SVR were assessed by
univariate analysis and only the factor of younger age at
the start of re-treatment showed marginal significance
(P=0.06) (Table 4). Among the patients with RVR on
re-treatment, the SVR rates were similar at 75% (6/8) to
those with 24-week and 48-week treatment.

DISCUSSION

AST STUDIES HAVE revealed that the factors of age,

sex, progression of liver fibrosis, value of HCV RNA,
number of mutations in the ISDR, amino acid substitu-
tions in the core region, drug adherence and treatment
duration show association with HCV eradication in PEG
IFN plus ribavirin combination for naive patients with
CH-C.>5%-33 Recently, the IL-28B genotype has been
reported to be the most powerful factor associated with
the antiviral effect of this combination therapy.?'-%

— 80

While the predictive factors for SVR in PEG IFN plus
ribavirin combination therapy for naive patients have
been actively analyzed, those factors for patients who
had already experienced this therapy are still unclear.
Especially needing assessment is the correlation
between IL-28B SNP or the previous treatment response
and the antiviral effect in re-treatment. In this study, we
tried to determine which factors could most effectively
predict the antiviral effect in re-treatment.

In the present study, patients with relapse after the
previous treatment and patients with a low serum HCV
RNA level at the start of re-treatment showed signifi-
cantly different results in this study of re-treatment of
CH-C patients who had previously failed to attain SVR
with PEG IEN plus ribavirin therapy. This result was
similar to those of the EPIC® study on relapse and NR"
and the SYREN trial of NR.”® On the other hand, there
was no significant difference between the influence of
the IL-28B genotype and SVR. More specifically, if the
previous treatment response was the same, there was no
difference regardless of the IL-28B genotype. Consider-
ing this result, in re-treatment, the previous treatment
response was a more effective predictive factor than
IL-28B genotype. However, further investigation is
needed to clarify the association between IL-28B

© 2012 The Japan Society of Hepatology
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Table 3 Factors associated with a sustained virological response in re-treatment with PEG IFN plus ribavirin in patients with

genotype 1
Factor SVR Non-SVR P-value
No. of patients 41 45
Age (years) 60.2+7.1 59.9+9.6 0.71
Sex: male/female 24/17 22/23 0.40
Serum HCV RNA (log IU/mL) 58%1.4 6.4+0.6 0.11
Serum HCV RNA: <5 log/25 log 11/28 0/43 <0.001
White blood cells (/mm®) 4656 £ 1029 4566 1763 0.42
Neutrophils (/mm?) 2443 £ 804 2259 +£1301 0.16
Hemoglobin (g/dL) 13.5+1.6 13.4+1.8 0.80
Platelets (x10*/mm?) 16.9£5.7 163+6.7 0.36
ALT (IU/L) 68 69 78475 0.43
[L-28B SNP: TT/TG 17/4 9/7 0.15
ITPA SNP: CC/CA 13/3 7/4 0.39
Core 70: wild/mutant 5/4 6/7 1.00
Core 91: wild/mutant 7/3 8/5 1.00
ISDR: 0-1/22 9/0 6/1 0.44
PEG IEN: a-2a/o-2b 16/25 25/20 0.14
PEG IFN dose (ug/kg per week) o-2a 2.91+0.77 2.74%0.69 0.61
o-2b 1.25+0.39 1.20£0.32 0.59
Ribavirin dose (mg/kg per day) 9.34+2.72 9.64 +3.20 0.51
1st treatment virological response Relapse/NR 36/5 18/27 <0.001

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, IFN-sensitivity determining region; NR,
non-response; PEG, pegylated; SNP, single nucleotide polymorphism; SVR, sustained virological response.
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Stratified analysis of previous virological response and HCV RNA at start of re-treatment. [J, HCV RNA <5 log IU/mL at start of
re-treatment; M, HCV RNA 25 log IU/mL at start of re-treatment. (b) Stratified analysis of previous virological response and
genotype of IL-28B SNP. [J, Patients with major allele of IL-28B SNP; B, patients with minor allele of IL-28B SNP. (c) Stratified
analysis of HCV RNA at start of re-treatment and genotype of IL-28B SNP. [, Patients with major allele of IL28B SNP; B, patients

with minor allele of 1L-28B SNP.
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Figure 3 Sustained virological response (SVR) rates according
to virological response in re-treatment and treatment duration
in patients with genotype 1. Patients treated for 48 weeks; &,
patients treated for 72 weeks. RVR, rapid virological response;
cEVR, complete early virological response; LVR, late virological
response. *P < 0.05; compared to 48 weeks of treatment.

genotype and antiviral effect of re-treatment because of
their small number in this study. In this study, only one
patient with the minor allele of IL-28B and NR in pre-
vious treatment could start and continue with the
increased dose of PEG IFN (from 1.37 pg/kg in the pre-
vious treatment to 1.79 ug/kg in re-treatment) and
ribavirin (from 10.3 mg/kg per day in the previous
treatment to 11.1 mg/kg per day in re-treatment) and
attained SVR by extended treatment. If the drug
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adherence does not improve, patients with the minor
allele of IL-28B who show NR in the previous treatment
should be treated with new drugs.

The next question is how the patients should be
re-treated in order to attain SVR on re-treatment. In this
study, the patients with a low serum HCV RNA level
(<5 logi, TU/mL) at the start of re-treatment showed
a significant rate of cure on re-treatment, and this is
almost the same result as that previously reported.'*'” In
this study, the two patients with NR in the previous
treatment and with less than 5 log;, [U/mL of HCV RNA
level (20 KIU/mL and 52 KIU/mL of HCV RNA) at the
start of re-treatment attained SVR. On the other hand,
even if the previous treatment response was a relapse,
the SVR rates were 58% (25/43) among the patients
with 5 logie IU/mL or more of HCV RNA. Because the
HCV RNA level changed after the antiviral treatment, it
is important to not miss the timing of when the HCV
RNA level is low.

With respect to treatment duration among patients
with HCV RNA negativiation during re-treatment,
72 weeks of treatment significantly increased the SVR
rate compared to 48 weeks. This result was almost the
same as that of the REPEAT study.'® In our present study,
the SVR rate among the patients with ¢-EVR but not RVR
in re-treatment was significantly high by 72 weeks of
treatment. On the other hand, the SVR rates among the

Table 4 Factors associated with a sustained virological response in re-treatment with PEG IFN plus ribavirin in patients with

genotype 2
Factor SVR Non-SVR P-value
No. of patients 17 10
Age (years) 57.7+8.8 63.7%5.1 0.06
Sex: male/female 7/10 8/2 0.11
Serum HCV RNA (log IU/mL) 54+1.4 6.1+0.8 0.15
Serum HCV RNA: <5 log/=5 log 5/11 1/9 0.35
White blood cells (/mm?) 5049 £ 1355 4171 +£910 0.10
Neutrophils (/mm?) 2556 + 1064 1999 + 404 0.24
Hemoglobin (g/dL) 14.1+1.3 13.8+1.6 0.51
Platelets (x10*/mm?) 17.9+54 14.8+4.3 0.17
ALT (IU/L) 38+ 19 48 + 47 0.71
IL-28B SNP: TT/TG 6/2 4/2 1.00
ITPA SNP: CC/CA 5/1 4/0 1.00
PEG IFN: 0-2a/a-2b 4/13 2/8 1.00
PEG IEN dose (ug/kg per week) o-2a 3.23+0.34 2,24 £2.25 1.00
ao-2b 1.32+0.28 1.18+0.23 0.21
Ribavirin dose (mg/kg per day) 10.4 £2.21 10.1+1.31 0.44
1st treatment virological response RVR/non-RVR 4/13 3/7 1.00

ALT, alanine aminotransferase; HCV, hepatitis C virus; IFN, interferon; IL, interleukin; ISDR, [FN-sensitivity determining region; PEG,
pegylated; RVR, rapid virological response; SNP, single nucleotide polymorphism; SVR, sustained virological response.
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patients with RVR in re-treatment were similar between
the patients with 48 weeks and 72 weeks of treatment.
Thus, patients with ¢-EVR but not RVR in re-treatment
should be re-treated for a longer period. In order to
attain better SVR, extended treatment duration is gener-
ally recommended for patients with on-treatment LVR,
whereas standard treatment duration is considered
to be sufficient for patients with on-treatment c-EVR.
However, the present study revealed that, even if patients
achieved c-EVR on re-treatment, 72 weeks of treatment
seems to be better than 48 weeks for treatment-
experienced patients. The majority of naive patients
showing on-treatment c-EVR could eradicate HCV with
48 weeks of treatment while some could not. In a
treatment-experienced setting, patients who are able to
respond early but not eradicate HCV would be selected,
and therefore extended treatment may be needed.

With genotype 2, the SVR rate was relatively high
(63%). The patients who could not attain SVR in
re-treatment (two patients) showed NR in the previous
treatment. Thus, the patients with genotype 2 and
showing NR in previous treatment seemed to be difficult
to treat and could be treated with other drugs. Among
the patients with RVR in re-treatment, the SVR rates were
similar among those with RVR in re-treatment between
24 weeks and 48 weeks of treatment. The effectiveness
of extended treatment for the patients with genotype 2
in re-treatment could not be demonstrated because of
their small number in this study. Further investigation is
needed to clarify this.

In conclusion, this study shows that the efficacy of
re-treatment for genotype 1 patients who failed to show
SVR to previous treatment with PEG IFN plus ribavirin
could be predicted from the previous treatment
response and a low HCV RNA level at the start of
re-treatment. Re-treatment for 72 weeks led to clinical
improvement for genotype 1 patients with ¢-EVR and
without RVR on re-treatment.
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Abstract

Background Altered functions of dendritic cells (DCs)
and/or increases of regulatory T cells (Tregs) are involved
in the pathogenesis of chronic hepatitis C virus (HCV)
infection. A tryptophan-catabolizing enzyme, indoleamine
2,3-dioxygenase (IDO), is reported to be an inducer of
immune tolerance. Our aim was to clarify whether or not
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IDO is activated in chronic hepatitis C patients and its role
in immune responses.

Methods This study enrolled 176 patients with chronic HCV
infection and 37 healthy volunteers. Serum kynurenine con-
centration was evaluated by high-performance liquid chro-
matography, and its correlation with clinical parameters was
examined. Monocyte-derived DCs were prepared from the
subjects and subsequently stimulated with a combination of
lipopolysaccharide and interferon-gamma to induce functional
IDO (defined as IDO-DCs). The phenotypes, kynurenine or
cytokine production, and T-cell responses with IDO-DCs were
compared between the patients and healthy volunteers.
Results The serum kynurenine level in the patients was
significantly higher than that in the healthy volunteers, and the
level of serum kynurenine was positively correlated with the
histological activity or fibrosis score. IDO activity in IDO-
DCs from the patients was significantly higher than that in
IDO-DCs from the volunteers. Furthermore, IDO-DCs from
the patients induced more Tregs in vitro compared with those
from the volunteers, and the frequency of induced Tregs by
IDO-DCs was decreased with an IDO-specific inhibitor.
Conclusions Systemic IDO activity is enhanced in
chronic hepatitis C patients in correlation with the degree
of liver inflammation and fibrosis. In response to inflam-
matory stimuli, DCs from the patients tend to induce Tregs,
with some of this action being dependent on IDO.

Keywords Hepatitis C virus - Dendritic cell -
Regulatory T cell - Indoleamine 2,3-dioxygenase
Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver
disease worldwide. It is estimated that 170 million people
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are chronically infected with HCV and are at risk of
developing liver cirrhosis and/or hepatocellular carcinoma
[1]. Approximately 70 % of those exposed to HCV pro-
gress to a chronically infected state [2]. The mechanisms of
HCYV leading to persistent infection have been ascribed to
escape mutations of the HCV genome and insufficient
immune responses to HCV in hosts, but the precise
mechanisms are still largely unknown.

Dendritic cells (DCs) are key regulators of the immune
system and are capable of promoting or suppressing T-cell
responses depending on their environment [3, 4]. One of
the crucial machineries of HCV-induced immune dys-
function is impaired abilities of DCs. Several research
groups, including ours [5, 6] have demonstrated that DCs
from chronically HCV-infected patients have lower ability
to stimulate T cells and to drive T-helper 1 (Thl) polari-
zation than those from healthy controls [7, 8]. Regulatory T
cells (Tregs) are specialized suppressor cells that maintain
immune tolerance against auto-reactive T cells or against
pathogens [9]. In patients with chronic HCV infection, the
frequency of Tregs in peripheral blood mononuclear cells
(PBMCs) is higher than that in healthy individuals, sug-
gesting the active roles of Tregs in immune alteration or
alleviation of inflammation [10, 11]. However, the mech-
anisms of DC dysfunction or Treg expansion in chronic
HCYV infection have not been completely elucidated.

Indoleamine 2,3-dioxygenase (IDO) is an enzyme that
catalyzes the initial and rate-limiting steps in the catabolism
of the essential amino acid tryptophan (Trp), resulting in the
generation of kynurenine (Kyn). IDO is widely expressed in
human tissues [12] and cell subsets [13] and is induced
during inflammation by interferon-gamma (IFN-y) and/or
other inflammatory cytokines [14-16]. Recent studies have
demonstrated a crucial role of IDO in the induction of
immune tolerance during infection, pregnancy, transplanta-
tion, autoimmunity, and cancers [17-21]. IDO expressed by
DCs promotes immune tolerance by inhibiting T-cell acti-
vation and proliferation or by inducing Tregs through Trp
starvation and/or the accumulation of Trp catabolites, such
as Kyn, 3-hydroxykynurenine, and 3-hydroxyanthranilic
acid [22-25]. With respect to chronic HCV infection, a
small-sized study showed that IDO expression was up-reg-
ulated in the liver and was associated with increased serum
IDO activity [26]. However, the functions of IDO in immune
cells in HCV infection still remain obscure.

In this study, we aimed to clarify whether or not IDO in
DCs has a role in chronic HCV infection. We found that
systemic IDO activity was enhanced in chronic hepatitis C
patients. By comprehensively comparing the function of
IDO-expressing DCs between the patients and healthy
volunteers, we showed that IDO in DCs may be related to
the induction of Tregs.

@ Springer

Subjects, materials, and methods
Subjects

This study enrolled 176 patients chronically infected with
HCYV serotype 1 (CHC group) who had been followed at
Osaka University Hospital (Suita, Japan), National Hospi-
tal Organization Osaka National Hospital (Osaka, Japan),
or lkeda Municipal Hospital (Ikeda, Japan). All of them
were confirmed to be positive for both serum anti-HCV
antibody and HCV-RNA but were negative for other viral
infections, including hepatitis B virus (HBV) and human
immunodeficiency virus. The presence of other liver dis-
eases, such as alcoholic, metabolic, or autoimmune hepa-
titis was ruled out, and the presence of liver cirrhosis
and hepatocellular carcinoma was excluded by the use of
laboratory and imaging analyses. As controls, we exam-
ined 37 healthy volunteers (HV group), working as med-
ical staff at Osaka University Hospital, who were negative
for HCV and HBV markers. As disease controls, 13
patients with chronic HBV infection followed at National
Hospital Organization Osaka National Hospital were also
enrolled. They were positive for hepatitis B surface (HBs)
antigen and had abnormal levels of alanine aminotrans-
ferase (ALT). The characteristics of the group were: male/
female 10/3, hepatitis B envelope (HBe) antigen-positive/
HBe antigen-negative 6/7, mean age 43.9 £+ 15.0 years,
mean serum ALT level 218.7 4- 282.5 IU/L, and mean
HBV-DNA level [assayed by the COBAS AmpliPrep™/
COBAS TagMan™ HBV test (Roche, Branchburg, NJ,
USA)] 6.1 £ 2.3 Log copies/mL. At enrollment, written
informed consent was obtained from each subject. The
study protocol was approved by the ethics committee of
each institution.

In this study, because of the limitations of sampling
from multiple centers, the conditions for blood collection
and preservation differed among the facilities. Thus, for
the precise comparison of IDO activity between the
patients and healthy volunteers, firstly, we examined the
samples collected and preserved under the same condi-
tions at Osaka University Hospital (Cohort I, Table 1).
Secondly, because liver biopsy was not carried out in
Cohort I patients, we used another cohort (Cohort II,
Table 1) for our analysis of the correlation between IDO
activity and clinical parameters. Cohort II consisted of
the remaining 127 patients, whose samples were collected
at National Hospital Organization Osaka National Hos-
pital or Tkeda Municipal Hospital. Histological examina-
tion was performed according to the METAVIR scoring
system. The clinical backgrounds of the patients in
Cohorts I and II, except for HCV-RNA quantity, were not
different.
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Table 1 Clinical backgrounds of subjects

HV (Cohort I)

CHC (Cohort I) CHC (Cohort II)

N 37
Male/female 20/17

Age (years)? 443 + 14.6°
ALT (IU/L)* ND

Plts (x 10*/uL)* ND
HCV-RNA® (Log copies/mL)* ND
METAVIR activity (A0/1/2/3) ND
METAVIR fibrosis (F0/1/2/3/4) ND

49 127
24/25 58/69

57.8 + 12.6 56.5 & 10.9
55.8 +39.9 64.6 & 47.9
168 + 6.4 173 + 6.1
6.1+ 1.0 6.6 & 0.6°
ND 10/78/35/4
ND 0/70/29/21/7

CHC chronic hepatitis C patients, HV healthy volunteers, ALT alanine aminotransferase, Plts platelets, ND not determined

# Values are expressed as means + SD

b Statistical significance was analyzed by the Mann—-Whitney U-test (P < 0.05), compared with CHC group (Cohort I)
© Serum HCV-RNA titer was quantitated using the COBAS AmpliPrep™/COBAS TagMan™ HCV test (Roche)

Reagents and antibodies

Recombinant human interleukin-4 (IL-4) and granulocyte/
macrophage colony-stimulating factor (GM-CSF) were
purchased from PeproTech (Rocky Hill, NJ, USA).
Recombinant human IFN-y was purchased from R&D
Systems (Minneapolis, MN, USA). Lipopolysaccharide
(LPS) from Escherichia coli, L-tryptophan, L-kynurenine,
and 1-methyl-L-tryptophan (1-MT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Fluorescein mono-
clonal antibodies (mAbs) against human CD4 (clone, SK3),
CDllc (B-ly6), CD25 (M-A251), CD40 (5C3), CD80
(L307.4), CD86 (IT2.2), CD127 (HIL-7R-M21), CD274/
PD-L1 (MIH1), HLA-DR (L243), Foxp3 (259D/C7), and
isotype control Abs were purchased from BD Biosciences
(San Jose, CA, USA).

Generation of CD14+ monocyte-derived dendritic cells

Monocyte-derived DCs (MoDCs) were generated from
CD14+ cells as reported previously [27]. In brief, CD14+
cells were cultured for 7 days at 37 °C and 5 % CO, in DC
culture medium [Iscove’s modified Dulbecco’s medium
(IMDM; Gibco Laboratories, Grand Island, NY, USA)
supplemented with 10 % fetal calf serum, 50 IU/mL of
penicillin, 50 mg/mL of streptomycin, 2 mM of L-gluta-
mine, 10 mM of Hepes buffer, and 10 mM of nonessential
amino acids] in the presence of 20 ng/mL of IL-4 and
50 ng/mL of GM-CSF. On day 5 of the culture, cells were
stimulated with 50 ng/mL of LPS and/or 50 ng/mL of IFN-
y to induce functional IDO, and cultured for 48 h. On day
7, cells were harvested and subjected to phenotypic and
functional analysis. At the same time, the supernatant of
the culture was also collected and subjected to cytokine
assays. As controls, unstimulated MoDCs were also
prepared.

Flow cytometric analysis

For the analysis of cell surface markers, cells were stained
as reported previously [27]. In this study, Tregs were
defined as CD44-CD25+CD127-Foxp3+ cells, the fre-
quency of which in PBMCs was analyzed as reported
previously [11]. Flow cytometric analyses were performed
with the use of a FACSCantoll flow cytometer (BD Bio-
sciences). Analyses of data were done with FACSDiva 6.1
software (BD Biosciences).

Analysis of IDO activity by high-performance
liquid chromatography (HPLC)

For the measurement of Kyn and Trp, the HPLC analysis
was performed according to the procedure developed by
Takikawa et al. [28]. As an index of IDO activity in vivo,
the serum kynurenine-to-tryptophan ratio (KTR) was
determined by HPLC [26, 29], after deproteinization by the
addition of one-tenth volume 2.4 M perchloric acid and
centrifugation at 20000x g for 10 min. To assay the func-
tional IDO in MoDCs in vitro, the cells were harvested on
day 7 of the culture, washed, and resuspended in Hanks’
balanced salt solution (HBSS; Gibco Laboratories) con-
taining 100 pM L-Trp. The cells were incubated for an
additional 24 h, and Kyn in the culture supernatants was
determined by HPLC. IDO activity in vitro was expressed
as the concentration of Kyn (uM) in the supernatant, con-
verted from 100 uM L-Trp by IDO.

T-cell stimulation and cytokine analyses
Naive CD4+ T cells were isolated from the allogeneic
healthy volunteer using a Naive CD4+ T Cell Isolation Kit

II (Miltenyi Biotec, Auburn, CA, USA) according to the
manufacturer’s instructions. After 7 days of the culture, the
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graded numbers of IDO-DCs (MoDCs stimulated with LPS
and IFN-y for 48 h) were co-cultured with 1 x 10° naive
CD4+ T cells in DC culture medium for 4 days. An IDO-
specific inhibitor, 1-MT, was used to confirm the specificity
of the IDO activity in the T-cell responses. On day O of the
co-culture, 1-MT was added to IDO-DCs and T-cell cul-
tures at a final concentration of 1 mM. On day 4, half of the
supernatants were collected to assess the Th1/Th2 polari-
zation, which was done by measuring the various cyto-
kines. Next, WST-8 reagent in the Cell Counting Kit-8
(Dojindo Laboratories, Kumamoto, Japan) was added to
the cultures, followed by incubation for 4 h. The T-cell
proliferation index was measured at the absorbance
450 nm of reduced WST-8 using the plate reader. Assays
were performed in triplicate wells.

Cytokine bead assay

To analyze the cytokine secretion of IDO-DCs and of naive
CD4+ T cells primed with IDO-DCs, the concentrations of
IL-2, IL-4, IL-6, IL-10, IL-12p70, IL-13, IFN-y, or tumor
necrosis factor-alpha (TNF-o) in the supernatants were
assayed using the Cytometric Bead Array System (BD
Biosciences) according to the manufacturer’s instructions.

Treg induction

To assess the potential effects of IDO on Treg induction
from naive CD4+ T cells, the cells were primed with
allogeneic IDO-DCs at a 10:1 ratio in HBSS containing
100 pM L-Trp. After 7 days, the primed T cells were
harvested and assessed for their surface phenotype and
intracellular Foxp3 expression. Phenotyping of the cells
after the co-culture was performed using anti-CD4-PerCP,
anti-CD25-APC, and anti-CD127-PE. To exclude dead
lymphocytes after the co-culture, Near-IR LIVE/DEAD
Fixable Dead Cell Stain (Invitrogen, Carlsbad, CA, USA)
was used, according to the manufacturer’s instructions.
Next, the cells were fixed, permeabilized, and stained with
anti-Foxp3-Alexa Fluor 488, using the Human FoxP3
Buffer Set (BD Biosciences) according to the manufac-
turer’s instructions. The frequency of CD4+CD25+4
CD127-Foxp3+ Tregs generated from each priming cul-
ture condition was determined by flow cytometry. As
described above, 1 mM of 1-MT was added on day O to test
for IDO-dependent effects.

Statistical analysis
The values were analyzed by nonparametric tests—the
Mann-Whitney U-test, the Wilcoxon signed rank test, or

Spearman’s rank correlation test-or by linear regression
analysis, using GraphPad Prism software, version 5.04
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(Graph Pad Software, San Diego, CA, USA). A P value of
<0.05 was considered to be statistically significant.

Results

Systemic IDO activity is enhanced in chronic hepatitis
C patients

To examine whether or not IDO activity is up-regulated in
chronically HCV-infected patients, we compared the serum
Kyn and Trp levels between the groups in Cohort I. The
serum KTR was significantly higher in the CHC group than
that in the HV group (Fig. la). Furthermore, we found that
the concentration of Kyn in the CHC group was signifi-
cantly higher than that in the HV group, whereas the levels
of Trp were comparable in the two groups (Fig. 1a). These
results show that the KTR level in serum, as a surrogate for
systemic IDO activity, was higher in chronic hepatitis C
patients than in uninfected controls. Furthermore, as the
KTR and Kyn levels were correlated (data not shown), the
serum Kyn level can be regarded as a surrogate marker for
systemic IDO activity.

Next, in order to examine whether or not the enhanced
systemic IDO activity was specific for chronically HCV-
infected patients, we compared serum Kyn concentrations
among chronic hepatitis B patients, chronic hepatitis C
patients (Cohort II), and healthy subjects. The serum Kyn
concentration in chronic hepatitis B patients was signifi-
cantly higher than those in the healthy subjects and the
patients with chronic hepatitis C (chronic hepatitis B
patients: 2.42 £ 0.11 uM, healthy subjects, 1.12 + 0.09
puM, chronic hepatitis C patients in Cohort II: 2.04 £
0.06 uM), suggesting that systemic IDO activity is enhanced
in chronic HBV infection as well.

Systemic IDO activity correlates with activity grade
and fibrosis stage in the liver

Next, to investigate the underlying mechanisms of
enhanced IDO activity in chronically HCV-infected
patients, we assessed whether or not serum Kyn levels in
Cohort II were correlated with various clinical parameters
and the METAVIR scores. A significant positive correla-
tion was observed between serum Kyn levels and the his-
tological activity or fibrosis scores (Fig. 1b). However,
there was no correlation between the Kyn level and age,
ALT level, or HCV-RNA quantity (Fig. 1b). These results
show that the more advanced the inflammation and fibrosis
of the liver, the higher the serum Kyn, and vice versa. The
inverse correlation between serum Kyn and platelet counts
was consistent with the correlation between Kyn and the
fibrosis score (Fig. 1b).
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Fig. 1 Systemic indoleamine 2,3-dioxygenase (IDO) activity is
enhanced in chronic hepatitis C patients. a Serum kynurenine (Kyn)
and tryptophan (Trp) were assayed by HPLC as described in
“Subjects, materials, and methods”, and the kynurenine-to-trypto-
phan ratio (KTR) was calculated from their concentrations. Scatter
plots of 30 chronic hepatitis C patients (CHC) and 24 healthy
volunteers (HV) are shown. Horizontal bars depict mean = SEM.
Statistical analyses were performed using the nonparametric Mann—
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Whitney U-test. b Correlation analyses were performed between the
serum Kyn concentration and histological scores in the liver, and
clinical parameters (age, alanine aminotransferase [ALT], hepatitis C
virus [HCV]-RNA titers, and platelet counts [Plts]) in 127 chronic
hepatitis C patients. Spearman’s correlation or simple linear regres-
sion analyses were performed. ry Spearman’s correlation coefficient,
#* linear regression coefficient. N.§ not significant
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Lipopolysaccharide and IFN-y induce
functional IDO in DCs

DCs have been reported to be the most prominent IDO
inducer in blood cells in response to inflammatory stimuli
[13]. We first assayed the IDO activity (i.e., production of
Kyn) of unstimulated MoDCs from chronic hepatitis C
patients and found that they did not induce functional IDO
(Fig. 2a). In order to simulate the inflammatory condition
of DCs in vivo, we examined whether or not IDO was
inducible in MoDCs with different combinations of
cytokines for various incubation times. In this context, we
examined the IDO activity of MoDCs stimulated with LPS
alone, IFN-y alone, or LPS plus IFN-y for 48 h. The Kyn
concentration in media from MoDCs stimulated with LPS
alone did not differ from that in unstimulated MoDCs,
whereas Kyn concentrations in media from MoDCs stim-
ulated with IFN-y alone or LPS plus IFN-y were elevated
(Fig. 2a). These results show that the combination of LPS
and IFN-y for 48 h significantly induces functional IDO in
MoDCs. Therefore, in the following experiments, we used
a combination of LPS and IFN-y to induce functional
IDO.

DCs from chronic hepatitis C patients induce more IDO
in response to LPS and IFN-y than those from healthy
volunteers

First, we compared the phenotype of IDO-DCs and
unstimulated MoDCs from each group. The expressions of
CD40, CD80, CD86, HLA-DR, and CD274/PD-L1 on
IDO-DCs were significantly up-regulated compared with
those on unstimulated MoDCs, and their expression levels
were not different between the CHC and HV groups
(Fig. 2b).

Next, we examined the concentration of Kyn in the
culture supernatants. In the CHC group, Kyn levels from
MoDC culture were significantly enhanced by the stimu-
lation with LPS and IFN-y (Fig. 2¢). Moreover, the Kyn
levels in the IDO-DC culture from the CHC group were
significantly higher than those in the HV group, whereas
those in unstimulated MoDCs did not differ between the
groups (Fig. 2¢). This increase of Kyn was blocked by the
addition of 1-MT, showing that the production of Kyn is
specifically dependent on IDO activity (Fig. 2c). These
results show that IDO activity is enhanced more in DCs
from chronic hepatitis C patients than in DCs from healthy
subjects.

Finally, we compared the ability of IDO-DCs to produce
various cytokines. The levels of IL-6, IL-10, IL-12p70, and
TNF-o from IDO-DCs were not different between the
hepatitis C patients and healthy controls (Fig. 2d).

@ Springer

Fig. 2 Enhanced induction of IDO in dendritic cells (DCs) from p
chronic hepatitis C patients in response to a combination of
lipopolysaccharide (LPS) and interferon-y (IFN-y). a The levels of
Kyn in the culture supernatants of monocyte-derived DCs (MoDCs)
in the presence of LPS (50 ng/mL) and/or IFN-y (50 ng/mL) were
determined by HPLC, as described in “Subjects, materials, and
methods”. The results are expressed as the mean = SEM from 4
chronic hepatitis C patients. *P < 0.05 by nonparametric Wilcoxon
signed rank test. Controls, unstimulated MoDCs. b Phenotype
analysis of IDO-DCs was performed as described in “Subjects,
materials, and methods”. The values are expressed as mean fluores-
cence intensity (MFI). The MFI of each marker is represented as the
mean + SEM from 9 patients and 7 healthy volunteers. *P < 0.05 by
nonparametric Wilcoxon signed rank test. /DO-DCs, MoDCs stim-
ulated with LPS and IFN-y for 48 h. ¢ The levels of Kyn in the culture
supernatants were assayed by HPLC as described in “Subjects,
materials, and methods”. The samples were obtained from MoDCs in
the presence (IDO-DCs) or absence (controls) of a combination of
LPS and IFN-y. In parallel, the same experiments were performed in
the presence or the absence of 1 mM of l-methyl-L-tryptophan
(1-MT). The results are expressed as the mean = SEM from 12 chronic
hepatitis C patients and 10 healthy controls. *P < 0.05 by Wilcoxon
signed rank test, **P < 0.05 by Mann—Whitney U-test. d The levels of
cytokines in the culture supernatants from IDO-DCs were assayed with
the Cytometric Bead Array System, as described in “Subjects,
materials, and methods”. Bars depict the mean concentration of each
cytokine == SEM from 10 healthy volunteers and 10 chronic hepatitis C
patients. /L interleukin, TNF-a tumor necrosis factor-o

IDO is not involved in allogeneic T-cell proliferation
and Th1/Th2 differentiation with DCs from chronic
hepatitis C patients

With regard to the allogeneic CD4+ T-cell response, IDO-
DCs from the CHC group tended to have a lower stimu-
latory capacity than those from the HV group (Fig. 3a). To
examine whether this phenomenon was dependent on IDO
activity, we compared T-cell proliferation with IDO-DCs
in the presence and absence of 1-MT. The CD4+ T-cell
responses with IDO-DCs were not restored by the addition
of 1-MT, regardless of HCV infection (Fig. 3a).

In order to examine whether functional IDO in DCs is
involved in Th1/Th2 differentiation, we quantified cyto-
kines in the supernatants obtained from the co-culture of
IDO-DCs and CD4+ T cells. In samples from chronic
hepatitis C patients, the levels of Thl cytokines (IL-2, IFN-
y) and Th2 cytokines (IL-4, IL-10, IL-13) tended to be
higher than the levels in samples from healthy volunteers,
though the difference was not significant. The levels of all
cytokines, except for IL-4, tended to decrease with the
addition of 1-MT (Fig. 3b). Thus, IDO in DCs is not
actively involved in Th1/Th2 differentiation.

IDO is involved in the induction of regulatory T cells

We examined whether or not IDO in DCs was involved in
the generation of Tregs. With IDO-DCs from the CHC
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group, the frequency of Tregs after the co-culture was
significantly higher than that with IDO-DCs from the HV
group (Fig. 4a). Such Treg frequency from the culture of
the CHC group was significantly reduced in the presence of
1-MT (Fig. 4a). These results show that functional IDO in
DCs is partially involved in the generation of Tregs in
vitro.

A significant correlation exists between peripheral Treg
frequency and serum IDO activity

Finally, we examined whether or not the frequency of Tregs
in PBMCs and serum Kyn levels were correlated in our
subjects. In the chronic hepatitis C patients, a positive cor-
relation was observed between these parameters (Fig. 4b).
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Fig. 3 IDO is not involved in lower allogeneic T-cell response and
Th1/Th2 differentiation with DCs from chronic hepatitis C patients.
a Allogeneic mixed lymphocyte reaction (MLR) with IDO-DCs was
performed as described in “Subjects, materials, and methods”. Closed
circles are the 450-nm absorbance obtained with IDO-DCs from the
CHC group, and open circles are that obtained with IDO-DCs from
the HV group. Dorted lines are the 450-nm absorbance obtained with

However, no significant correlation was observed between
peripheral Treg frequency and clinical parameters (i.e., age,
ALT, HCV-RNA titers, or platelet counts) (data not shown).
These results suggest that an increase in serum Kyn, or
enhanced IDO activity, is involved in the increased fre-
quency of Tregs in the PBMCs of HCV-infected patients.

Discussion

In comparison with healthy subjects, we have shown that in
chronic hepatitis C patients: (1) systemic IDO activity is
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IDO-DCs from both groups with the addition of 1-MT. Vertical bars
indicate the mean == SEM from 5 chronic hepatitis C patients and 5
healthy volunteers. b The levels of cytokines in the supernatants of
co-culture of IDO-DCs and naive CD4+ T cells in the presence or
absence of I-MT were assayed with the Cytometric Bead Array
System. Results are expressed as the mean == SEM from 5 patients
and 5 healthy controls. IDO-DCs; see Fig. 2 legend

enhanced; (2) DCs from these patients exhibit enhanced
IDO activity in response to LPS and IFN-y; (3) IDO-DCs
from these patients are more capable than IDO-DCs from
healthy volunteers of inducing Tregs in vitro; and (4) the
frequency of Tregs in PBMC:s is positively correlated with
the serum Kyn concentration. Based on these data, it seems
that enhanced IDO activity in chronic HCV infection may
be one of the mechanisms of Treg induction.

Mammals have two enzymes that catabolize the first and
rate-limiting step in the degradation of Trp, resulting in the
production of downstream metabolites collectively known
as Kyn. The first enzyme is tryptophan 2,3-dioxygenase
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Fig. 4 IDO is involved in the induction of regulatory T cells. a After
IDO-DCs were generated from the CHC or HV group, naive CD4+4 T
cells were co-cultured for 7 days with IDO-DCs in the presence or
absence of 1-MT. The cultured T cells were stained with relevant
antibodies (Abs) and analyzed with a FACSCantoll flow cytometer.
The percentage of regulatory T cells was determined by the positive
ratio of CD4+CD25+CD127-Foxp3+ cells to CD4+CD25+ T cells,
as described in “Subjects, materials, and methods”. Results are
expressed as the mean = SEM from 9 chronic hepatitis C patients
and 5 healthy controls. *P < 0.05 by Mann-Whitney U-test,
##P < (.05 by the Wilcoxon signed rank test. IDO-DCs; see Fig. 2
legend. b The correlation between the serum Kyn level and the
frequency of regulatory T cells was analyzed in 30 chronic hepatitis C
patients. The frequency of regulatory T cells was expressed as the
percentage of CD44-CD25+-CD127-Foxp3+ T cells in CD4+ T cells
assessed by FACS. ry Spearman’s correlation coefficient

(TDO), which is expressed primarily in the liver and
catabolizes excess dietary Trp to maintain its serum con-
centration. The second one is IDO, which is expressed in a
wider range of tissues, but by a limited range of cell types.
In general, TDO is constitutively expressed and is not
regulated by inflammatory mediators, while IDO expres-
sion is inducible by antigen-presenting cells and is subject
to complex regulation by various immunological signals.
For the analysis of IDO activity, several modalities have
been used, including HPLC and colorimetric and mass
spectrometric assays [29, 30]. In the present study, to
measure Trp and Kyn, we utilized HPLC owing to its
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reproducibility, as well as its high-throughput feature. By
measuring large numbers of samples, we demonstrated that
systemic IDO activity (as expressed by serum KTR) in
chronic hepatitis C patients was enhanced compared with
that in healthy controls. In addition, we found that
increases in KTR were dependent on increased serum Kyn,
but not on Trp. Thus, we used Kyn levels as a surrogate for
IDO activity.

It is yet to be clarified which type of cell is the source of
Kyn in chronic hepatitis C patients. Two possibilities exist
for its origin; one is the liver and the other is DCs. We
observed positive correlations between serum Kyn levels
and the degree of liver inflammation or fibrosis in the
present study, suggesting that IDO in the liver may play
some role in Kyn production. In support of this possibility,
up-regulation of IDO in the liver and increased serum KTR
have been reported in patients with chronic HCV infection
[26]. It is well known that the inflamed liver is infiltrated
by numerous activated immune cells, such as T cells,
natural killer (NK) cells, macrophages, and DCs. Thus, it is
likely that activated T cells or NK cells release IFN-y or
other cytokines and subsequently induce IDO in hepato-
cytes or co-existing DCs.

Several investigators have reported that some of the
critical stimuli for inducing IDO are inflammatory cytokines
or Toll-like receptor (TLR) agonists [14—-16, 30-34]. Among
them, IFN-y is reported to play a prominent role in inducing
IDO in cancer cells, and the origin of the IFN-y is presumed
to be infiltrated lymphocytes [31]. Furthermore, LPS is
regarded as a potent stimulant that induces and sustains IDO
in DCs. Therefore, we hypothesized that DCs exposed to
some inflammation or fibrosis-related factors express IDO,
thereby regulating the immune response in chronic hepatitis
C patients. In this study, we used MoDCs for functional
assays of IDO in DCs. In order to simulate the inflammatory
condition in vivo, we stimulated MoDCs with various
combinations of factors, as described above. We found that a
combination of IFN-y and LPS strongly enhanced IDO
activity in MoDCs, with this activity being more signifi-
cantly enhanced in the MoDCs from chronically HCV-
infected patients than in those from the healthy controls
(Fig. 2a, c). However, the other cytokines failed to enhance
IDO activity in MoDCs. Moreover, we confirmed that IDO
activity was also enhanced in myeloid dendritic cells
(MDCs), stimulated with a combination of IFN-y and LPS,
from the healthy volunteers (Supplementary Figure 1).
Because blood MDCs and plasmacytoid DCs (PDCs) are
scarce in PBMCs, we used MoDCs as representative cells for
the functional analysis of IDO. Thus, in this study, we used a
combination of LPS and IFN-y for MoDCs to induce func-
tional IDO and termed these cells ‘IDO-DCs’.

It is intriguing that MoDCs from chronic hepatitis C
patients expressed more functional IDO in response to
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