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Abstract

Background/Aims: Genetic variation in the interleukin 28B (IL-28B) region has been associated with sustained
virological response (SVR) rates in patients with chronic hepatitis C (CHC) who were treated with pegylated-
interferon (PEG-IFN) and ribavirin (RBV). The aim of this study is to clarify whether changes in type 1 IFN receptor
2 (IFNAR-2) expressions by peripheral blood monocytes (Mo) are related to genetic variation near the IL-28B gene.

Patients and Methods: One hundred and forty-eight CHC patients with genotype 1b and high viral load
receiving PEG-IFN and RBV were studied. IFNAR-2 expression by peripheral blood Mo was measured as the mean
fluorescence intensity (MFI) before and up to 28 days after starting therapy. Eighty-three of 148 patients consented
to genetic investigation (IL-28B genetic variants in rs8099917).

Results: There were no significant differences in MFI of peripheral blood Mo between SVR and non-SVR
patients during the study period in patients with genotype TT in rs8099917; however, MFI of peripheral blood Mo at
days 7 and 14 of treatment was significantly higher in SVR patients than in non-SVR patients with genotype TG in
rs8099917.

Conclusions: IFNAR-2 may be related to efficacy of PEG-IFN and RBV in CHC patients possessing poor-

response |L-28B variants.
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Introduction

Infection with hepatitis C virus (HCV) is a global health problem.
Chronic infection with HCV is risk factor for related morbidity and
mortality from liver cirrhosis and hepatocellular carcinoma. Curative
antiviral therapy may prevent these complications, and the current
standard of care is pegylated-interferon alpha (PEG-IFN alpha) and
ribavirin (RBV) combination therapy for chronic hepatitis C (CHC).
However, of patients infected with genotype 1b, the most common
HCV, only approximately 40-50% are cured by this therapy [1,2].

A number of pretreatment host and viral factors have been
associated with treatment outcome in patients with CHC. These
include age, sex, body mass index, insulin resistance, hepatic steatosis,
hepatic fibrosis and baseline viral load, as well as amino acid (aa)
mutations in the HCV core region and the number of aa mutations in
the IFN sensitivity region (ISDR). Recently, Tanaka et al. showed that
genetic variations near the IL-28 gene (rs8099917) on chromosome 19
are host-related factors that encode IFN lambda3, and are pretreatment
predictors of virological response to 48-week PRG-IFN plus RBV
combination therapy in Japanese CHC patients infected with HCV
genotype 1b and having high viral loads [3].

We have been using a rapid flow cytometry method for measuring
type 1 IEN receptor-2 (IFNAR-2). We recently reported that serial
changes in IFNAR-2 expression by peripheral blood monocytes (Mo)
are associated with early virologic response (EVR) in CHC patients
infected genotype 1b and high viral load treated with IFN-based
therapy [4], as intracellular signaling is initiated after the binding of
IFN to INFAR-2 on the plasma membrane of target cells. However,
it is uncertain how IFNAR-2 expressed by peripheral blood Mo
differs between patients treated with PEG-IFN alpha-2b and -2a in
combination with RBV, and how IL-28B genetic variants influence
expression of IFNAR-2 by peripheral blood Mo in CHC patients
treated with PEG-IFN and RBV.

The aim of the present study was to clarify whether changes in
IFNAR-2 expression by peripheral blood Mo up to day 28 of IFN
treatment differed between patients treated with PEG-IFN alpha-2a
and -2b in combination with RBV, and whether these changes differ
between patients with IL-28B genetic variants.

Patients and Methods
Patients

From patients with CHC who received PEG-IFN alpha-2a or -2b in
combination with RBV, treated at our hospital between January 2005
and June 2010, and in whom IFNAR-2 expression by peripheral blood
Mo was measured, 148 consecutive patients were selected. All patients
were positive for anti-HCV antibody on third-generation enzyme-
linked immunosorbent assay (ELISA) and for serum HCV-RNA
quantified on COBAS TagMan HCYV test (Chugai Pharmaceutical Co.,
Ltd., Tokyo, Japan; lower detection limit: 1.2 log copies/ml, upper limit:
7.8 log copies/ml). Serum levels of HCV-RNA in the subjects ranged
(10th-90th percentiles) from 5.1 to 6.9 (median: 6.4) log copies/ml.

Enrollment criteria for patients with CHC (88 men and 60 women)
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included age ranging (10th-90th percentiles) from 41 to 66 years
(median: 56 years). All patients were infected with HCV genotype
1b, and received a course of therapy with PEG-IFN alpha-2a or -2b in
combination with RBV. Patients who were known to be homosexual or
intravenous drug users, those positive for hepatitis B surface antigen
(HBs-Ag) or antinuclear antibody, and those with metabolic liver
dysfunction or renal dysfunction were excluded.

Of the 148 patients, 102 patients had undergone percutaneous liver
biopsy before combination therapy under ultrasonographic control,
and the tissue specimens thus obtained were graded according to the
Histology Activity Index (HAI) of Knodell et al. [5], after which the
specimens were divided into three groups according to Desmet [6]:
Grade 1 for HAI scores of 1-3, Grade 2 for HAI scores of 4-8, and
Grade 3 for HAI scores of 9 or more. Specimens were also divided into
four groups from stage 1 to stage 4 based on Desmet fibrosis scores [6].

IFN regimens

After providing informed consent, 55 patients received PEG-
IFN alpha-2a (Pegasys®, Chugai Pharmaceutical Co., Ltd., Japan)
for a median of 48 (ranging 10th — 90th percentiles: 48 — 72) weeks
at a weekly dose of 180 ug. Ninety-three patients received PEG-IFN
alpha-2b (PegIntron®, Schering Plough Co., Ltd., Japan) for a median
of 48 (ranging 10th — 90th percentiles: 48 — 72) weeks at weekly doses
adjusted for body weight according to the manufacturer’s instructions
(45 kg or less=60 ug/dose, 46 to 60 kg=80 ug/dose, 61 to 75 kg=100 ug/
dose, 76 to 90 kg=120 ug/dose, and 91 or more=150 ug/dose).

RBV (Rebetol®, Schering Plough Co., Ltd., or Copegus®, Chugai
Pharmaceutical Co., Ltd.) was given orally at daily doses adjusted for
body weight according to the manufacturer’s instructions (60 kg or
less=600 mg/day, 61 to 80 kg=800 mg/day, and 81 kg or more=1,000
mg/day) for a median of 48 (ranging 10th-90th percentiles: 48-72)
weeks.

Some patients needed slight adjustment of the PEG-IFN and RBV
doses, because of a decrease in leukocyte count, platelet count, or
hemoglobin during therapy.

Viral kinetic study

Serum HCV-RNA was measured using the COBAS TagMan HCV
test before and every 4 weeks thereafter until the end of therapy, as well
as at 24 weeks after the end of therapy.

If serum HCV-RNA by COBAS TaqgMan HCV test was negative or
showed a 2 log drop in week 12, this was defined as an EVR. If serum
HCV-RNA by COBAS TagMan HCV test was positive or showed a less
than 2 log drop in week 12, this was defined as a non-EVR.

Sustained viral response (SVR) was defined as being negative for
serum HCV-RNA by COBAS TagMan HCV test at 24 weeks after the
end of therapy. Other patterns were non-SVR, including non-responder
(serum HCV-RNA levels detectable after completed treatment period)
and relapsed responder patients (undetectable serum HCV-RNA
during therapy, but detectable after discontinuation).

Genetic variations in IL28B gene

Of 148 CHC patients, 83 consented to genetic testing, and genetic
variations in IL-28B were thus analyzed. The region on chromosome
19 associated with HCV treatment response contains multiple single-
nucleotide polymorphisms (SNPs) in linkage disequilibrium around the
IL28B gene. Whole blood samples for a genome-wide association survey
were genotyped using the Illumina HumanHap610-Quad Genotyping

BredCrip. Genotyping for replication and fine mapping was performed
using Invador assay, TagMan assay, or direct sequencing, as described
previously [7,8]. In this study, genetic variations near the IL-28B gene
(rs 8099917), reported as pretreatment predictors of treatment efficacy
and clinical outcome in Japanese, were investigated [3].

Assays

Blood samples were collected from all patients before and at 3,
7, 14 and 28 days after the start of IFN therapy. IFNAR-2 expression
by peripheral leukocytes was then determined by flow cytometry to
measure the mean fluorescence intensity (MFI) after staining with
anti-IFNAR-2 antibody, as reported previously [9].

Serum levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured according to standard
procedures. Peripheral blood leukocyte count (WBC), red blood cell
count (RBC), hemoglobin (Hgb) and platelet count (PLT) were also
measured according to standard procedures.

Comparisons performed

As genotype GG IL-28B was not detected in CHC patients, patients
were divided into 2 groups; patients with IL-28B genotype TT (n=56)
and those with IL-28B genotype TG (n=27).

We investigated the following:

1. Comparison of IFNAR-2 expression in peripheral blood Mo
between patients treated with PEG-IFN alpha-2a and -2b in
combination with RBV.

2. Comparison of clinical backgrounds and efficacy of PEG-IFN
and RBV therapy between patients with genotype TT and
genotype TG in rs 8099917.

3. Comparison of IFNAR-2 expression in peripheral blood
Mo in EVR, non-EVR, SVR and non-SVR patients who had
genotypes TT and TG in rs 8099917.

Statistical analysis

Results are presented as medians and 10th-90th percentiles. Chi
square test was used to compare characteristics between the groups.

Data shown in the figures are expressed as means = S.D.
Comparisons between the 2 groups were performed by nonparametric
Mann-Whitney test or chi square test. Probability values of less than
0.05 were considered to indicate statistical significance.

Results
Comparison of PEG-IFN alpha 2a and PEG-IFN alpha 2b

Pretreatment outcome did not differ between patients treated
with PEG-IFN alpha-2a and those treated with PEG-IFN alpha-2b
in combination with RBV (Table 1), nor were there any significant
differences in IFNAR-2 expression by peripheral blood Mo during the
study period between these patient groups (Figure 1).

Viral kinetics between patients with genotype TT and TG in
1s8099917

Pretreatment outcome of patients with genotype TT and TG are
not different except age (Table 2).

Of 56 patients, 55 (98%) with IL-28 genotype TT showed EVR,
while 15 of 27 patients (56%) with IL-28 genotype TG showed EVR.
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In addition, 35 of 56 patients (63%) with IL-28B genotype TT achieved
SVR, while 5 of 27 patients (19%) with genotype TG achieved SVR.
The rates for EVR and SVR were significantly different (P<0.01 on chi
square test) between the 2 groups (Table 3).

IFNAR-2 expression in IL-28B genetic variants

IFNAR-2 expression by peripheral blood Mo was higher in patients
with genotype TT than in patients with genotype TG throughout the
study period, although statistical significance was not reached (Figure

IFNAR-2 expression in SVR and non-SVR patients with IL-
28B genetic variants

There were no statistical differences in IFNAR-2 expression based
on peripheral blood Mo between SVR and non-SVR patients with IL-
28 type genotype T'T (Figure 4A).

IFNAR-2 expression by peripheral blood Mo was significantly
higher at days 7 and 14 of treatment in SVR patients than in non-SVR
patients with IL-28 type genotype TG (Figure 4B).

2).

IFNAR-2 expression in EVR and non-EVR patients with IL-

28B genetic variants

IFNAR-2 expression by peripheral blood Mo was significantly
higher at days 3 and 14 of treatment in EVR patients than in non-EVR
patients with IL-28 genotype TG (Figure 3). Because only 1 patient did
not show EVR, statistical evaluation could not be performed between
EVR and non-EVR patients with IL-28 type genotype TT.

PEG-IFN alpha 2a PEG-IFN alpha2b | Pvalue
No. of patients (n=) 55 93
Age (y.0.) Median: 56 Median: 55 NS
(range: 43 - 66) (range: 41 - 66)
Sex (M/F) 32/23 56/37 NS
11-28B (TT/TG/none) 24[7/24 32/20/41 NS
Serum
HCV-RNA (Log copies / ml) Median: 6.4 (5.3 —7.1) Median: 6.5 (5.5—-6.9) NS
AST (IU/ml) Median: 55 (29-89) | Median: 56 (27-136) NS
ALT (1U/ml) Median: 55 (30-125) Median: 68 (35-188) NS
Peripheral Blood
WBC (/ul) Median: 5600 Median: 4500 NS
(4120-7160) (3650-6740)
RBC (X10%/ul) Median: 459 (410-505) |Median: 445 (404-503) NS
PLT (X10%/pl) Median 14.7: (3.3-15.9) Median: 14.2 (12.3-15.8) NS
Pathological findings
Activity (1/2/3/none) 16/19/1/19 31/33/2/27 NS
Fibrosis (1/2/3/4/none) |12/13/4/7/19 24/24/10/8/27 NS

Ranges represent the 0" to 100™ percentile.

Table 1: Background of patients treated with PEG-IFN alpha-2a and -2b in combi-

nation with ribavirin.
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Figure 1: The solid line shows mean IFNAR-2 expression by peripheral blood
Mo (+ S.D.) in patients treated with PEG-IFN alpha-2b and ribavirin (RBV).
The dotted line shows mean IFNAR-2 expression by Mo (- S.D.) in patients
treated with PEG-IFN alpha-2b and RBV. There were no significant differences
between the groups.

TT rs 8099917 TG rs8099917 P value
No. of patients (n=) 56 27
Age (y.0.) Median: 57 Median: 49 <0.04
(range:44 - 65 ) (range: 41 - 63)
Sex (M/F) 37/19 15/12 NS
Serum
HCV-RNA (Log copies/ml) Median: 6.7 Median: 6.5 NS
(5.5-7.1) (5.6 -6.8)
AST (U/L) Median: 52 Median: 44 NS
(25 -128) (20 — 123)
ALT (U/L) Median: 68 Median: 51 NS
(9-351) (16 —301)
Peripheral blood
WBC (X1000) Median: 4850 Median: 4950 NS
(3600 — 7300) (3400 — 6900)
RBC (X10%/ul) Median: 448 Median: 444 NS
(386 — 519) (328 — 496)
PLT (X10%/pl) Median: 15.6 Median: 17.8 NS
(9.5-22.0) (12.0 — 24.0)
Pathological findings
Activity (1/2/3/none) 15/18/1/22 12/10/1/4 NS
Fibrosis (1/2/3/4/none) 11/13/5/5/22 8/10/2/3/4 NS
Table 2: Backgrounds of patients with IL-28 variants.
TT rs 8099917 TG rs8099917 P value
No. of patients (n=) 56 27
Kind of PEG-IFN 32/24 20/7 NS
(-2a /-2b) Median: 48 Median: 48 NS
Period of therapy(weeks) (48 —-72) (24 -72)
Efficacy of therapy
EVR/non-EVR 55/1 15712 <0.01
SVR/non-SVR 35/21 5/22 <0.01

Ranges represent the 0" to 100" percentile.

Table 3: Backgrounds of patients with IL-28 variants and therapeutic efficacy.
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Figure 2: The solid line shows mean IFNAR-2 expression by peripheral blood
Mo (+ S.D.) in patients with IL-28 genotype TT, while the dotted line shows
mean IFNAR-2 expression by Mo (- S.D.) in patients with IL-28 genotype TG.
There were no significant differences between the groups.
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Figure 3: The solid line shows mean IFNAR-2 expression by peripheral blood
Mo (+ S.D.) in patients with IL-28 genotype TG who achieved EVR, while the
dotted line shows IFNAR-2 expression by Mo (- S.D.) in patients with IL-28
genotype TG who were non-EVR.

*: Significant difference (P<0.05) between EVR and non-EVR patients with IL-
28 genotype TG.
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Figure 4b: The solid line shows mean IFNAR-2 expression by peripheral blood
Mo (+ S.D.) in patients with IL-28 genotype TG who achieved the SVR, while
the dotted line shows IFNAR-2 expression by Mo (- S.D.) in patients with IL-28
genotype TG who were non-SVR.
*: Significant difference (P<0.05) between SVR and non-SVR patients with IL-
28 genotype TG.
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Figure 4a: The solid line shows mean IFNAR-2 expression by peripheral blood
Mo (+ S.D.) in patients with IL-28 genotype TT who achieved sustained viro-
logic response (SVR), and the dotted line shows IFNAR-2 expression by Mo

(- S.D.) in patients with IL-28 genotype TT who did not achieve SVR (non-SVR).

Discussion

The present study demonstrated that clinical background did not
differ between patients treated with PEG-IEN alpha-2a and with PEG-
IFN alpha-2b in combination with RBV. Although biochemical activity
and IFN-induced gene transcripts are reported to be different between
patients treated with PEG-IFN alpha-2a and those treated with PEG-
IFN alpha-2b [10], IFNAR-2 expression by peripheral blood Mo did
not differ between the 2 groups.

It is not so easy to observe serial changes in IFNAR-2 expression
in the liver after combination therapy with PEG-IFN and RBV in
CHC patients. As hepatic expression of IFNAR-2 and its expression by
peripheral blood mononuclear cells are reported to be correlated [11],
it may be valuable to observe serial changes in receptor expression on
peripheral blood Mo. It is also thought that assessing expression of the
functional IFN receptor is useful, because IFN receptor protein located

on the cell membrane is functional, but intracellular receptor protein
is not. Flow cytometry makes it possible to determine the amount of a
particular receptor protein expressed on the surface of peripheral blood
Mo in CHC patients.

In the present study, although IFNAR-2 expression by peripheral
blood Mo was consistently higher in patients with IL-28 genotype TT
than in patients with IL-28 genotype TG, statistical significance was not
reached. However, a significant difference was seen between EVR and
non-EVR patients, and between SVR and non-SVR patients with IL-28
genotype TG. In contrast, a significant difference was not seen between
SVR and non-SVR patients with IL-28 genotype TT.

The mapped region (19q13) encodes 3 cytokine genes (IL-28A, IL-
28B, and IL-29) that belong to the IFN-lambda (also known as type
3 IFN) family induced by viral infection and has antiviral activity
[12]. IFN-lambdas, similar to IFN-alphas, are thought to stimulate
the IFN signal pathway, which include phospholylation of the kinases
JAK1 and Tyk2, activation of transcription factor complex containing
STAT1, STAT2, and IFN regulatory factor 9, and up-regulation of a
similar set of ISGs, after binding to heterodimeric receptor consisting
of ILIOR-beta and IL28R-alpha (IFN-lambdaR1) [13,14]. Finally, anti-
viral substances such as 2’-5’oligoadenylate synthetase, PKR, MxA and
IL-8 are induced [15,16].

In the present study, EVR was achieved in almost all patients (98%)
(1 patient did not show EVR), and SVR was achieved in 35 of 56 patients
(63%) with IL-28 genotype TT. However, the rates of EVR and SVR were
low in patients with IL-28 genotype TG (56% and 19%, respectively).
Recent reports have suggested that non-responder genotypes (TG or
GG) in rs8099917 are associated with higher expression of ISGs in the
liver prior to antiviral treatment and ultimately treatment failure [17].
Ahlenstiel et al. advocated a model for the role of IL-28B polymorphisms
in chronic HCV infection [18]. According to the model, induction of
ISGs is most likely driven by low-level expression of endogenous IFN,
and the IL-28B non-responder genotype is associated with strong ISG
induction [17]. When treated with IFN-alpha, this leads to diminished
ISG [18] and IL-28B induction. In these patients, ISG and therefore IFN
response are further impaired due to the activation of IFN inhibitory
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pathways secondary to the strong ISG induction [19]. From our results,
it is hypothesized that patients with IL-28 genotype TG only develop
EVR and SVR when ISGs are further induced through IFNARs that are
up regulated by therapy with PEG-IFN and RBV.

In conclusion, flow cytometry showed that IFNAR-2 expression by
peripheral blood Mo may be related to efficacy of PEG-IEN and RBV,
when CHC patients with genotype 1b and high viral loads possessed
a poor-response IL-28B variant (genotype TG in rs8099917). Further
studies may lead to a better understanding of the pathophysiological
roles of IFNAR-2 in CHC patients with genotype 1b and high viral load
receiving PEG-IFN and RBV combination therapy.
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