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Abstract

Background: We have been investigating serial changes in Type | Interferon (IFN) receptor alpha-2 (IFNAR-2)
expression in peripheral blood leukocyte subsets in Chronic Hepatitis C (CHC) patients during IFN-based therapy.
The aim of this study was to clarify whether changes in IFNAR-2 expression by peripheral blood leukocyte subsets
are predictive factors for Sustained Virological Response (SVR).

Methods: One hundred and thirty-six patients with CHC and receiving Pegylated (PEG)-IFN alpha-2a or -2b in
combination with ribavirin (RBV) for a median 48 (16-96) weeks were studied. A negative result for serum HCV-RNA
on RT-PCR at week 24 after the End Of Therapy (EOT) was defined as SVR. IFNAR-2 expression by peripheral
blood leukocyte subsets was quantified using flow cytometry by measuring the mean fluorescence intensity before
and up to 28 days after therapy initiation. Of the 136 patients, 124 consented to genetic investigation for interleukin
(IL)-28B genetic variants at rs8099917. We then used logistic regression analysis to retrospectively investigate the
influence of serum viral load, as measured before the start of therapy, and age, sex, body weight, body mass index,
IFN regimen, IFN dose/kg, RBV dose/kg and history of prior IFN-based therapy on SVR.

Results: Overall SVR rate was 53% (77/146). Of the 97 patients with IL-28 genotype TT, 67 (69%) showed
SVR. In contrast, of the 27 patients with IL-28 genotype TG, 5 (19%) showed SVR. IL-28B genotype at rs8099917
and patient age were factors having an independent influence on SVR on multivariate regression analysis. When we
added serial changes in IFNAR-2 expression by leukocyte subsets before and up to 28 days after EOT to the logistic
regression model, IFNAR-2 expression by lymphocytes at day 28 was identified as an independent additive factor.

Conclusion: This study provided the first evidence that IFNAR-2 expression by peripheral blood lymphocytes
is an additive but independent factor predicting SVR to PEG-IFN and RBV in patients with CHC genotype 1b and

high viral load.

Keywords: Chronic hepatitis C; Interleukin-28B; Type 1 interferon
receptor 2; Peripheral blood lymphocyte; HCV genotype 1b

Introduction

Several Single Nucleotide Polymorphisms (SNPs) in the Interleukin
(IL)-28B gene are associated with Sustained Virological Response
(SVR) to pegylated (PEG)-interferon (IFN) and ribavirin (RBV) in
patients having Chronic Hepatitis C (CHC) genotype 1b and high viral
load [1-3]. 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
[4]. IFN-lambdas, similar to IFN-alphas, are thought to stimulate the
IFN signal pathway, which includes phosphorylation 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 IL10R-beta and IL28R-alpha (IFN-lambdaR1) [5,6]. Finally, anti-
viral substances such as 2’-5’oligoadenylate synthetase, PKR, MxA and
IL-8, are induced [7,8].

In addition to IFN-lambda, intracellular signaling is initiated
after binding of IFN-alpha to type I IFN-alpha receptorl (IFNAR-1)
and IFNAR-2 on the plasma membrane of target cells [9]. We have
been investigating serial changes in IFNAR-2 expression in peripheral
blood leukocyte subsets in CHC patients during IFN-based therapy
[10,11].

The aim of this study was to clarify whether changes in IFNAR-2

expression by peripheral blood leukocyte subsets are predictive of
SVR.

Patients and Methods

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 leukocyte subsets were measured, 136 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 TaqgMan HCV test (Chugai
Pharmaceutical Co., Ltd., Tokyo, Japan; lower detection limit, 1.2 log
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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.

Enrolment criteria for patients with CHC (79 men and 57 women)
included age ranging (10" - 90 percentiles) from 41 to 67 years
(median: 57 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 (Table 1). Patients who were known to be
homosexual or intravenous drug users, those positive for hepatitis B
surface antigen or antinuclear antibody, and those with metabolic liver
dysfunction or renal dysfunction were excluded.

Of the 136 patients, 92 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. [12], after which the
specimens were divided into three groups according to Desmet [13]:
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 [13].

IFN regimens

After providing informed consent, 44 patients received PEG-IFN
alpha-2a (Pegasys®, Chugai Pharmaceutical Co., Ltd., Japan) for a
median of 48 (10™ - 90™ percentiles: 48 — 72) weeks at a weekly dose of
180 pg. Ninety-two patients received PEG-IFN alpha-2b (PegIntron®,
Schering Plough Co., Ltd., Japan) for a median of 48 (10" - 90*
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 pg/dose, 61 to 75 kg = 100 ug/dose, 76 to 90 kg =
120 pg/dose, and 91 or more = 150 pg/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 10" — 90" percentiles: 48 - 72)

weeks.

No of patients (n) 136

Age (y) 57 (41-67)
Sex (M/F) 79/57

IL28 (TT/TG/GG/ None) 97/27/0/12
Substitution

aa70 (Wild/Mutant/None) 55/36/45

aa91 (Wild/Mutant/None) 67/23/46
ISDR (0-1/>2/None) 46/47/43
Serum

HCV-RNA (Log copies/ml) 6.5 (5.5-6.5)
AST (1U/1) 51 (24-131)
AST (1U/l) 58 (24-161)
Peripheral Blood

WBC (10%/mm?) 4.9 (3.1-7.5)
RBC (10%/mm?) 445 (390-499)
PLT (10%/mm?) 15.5(9.1-24.1)
Pathological findings

Activity (1/2/3/None) 43/47/2/44
Fibrosis (1/2/3/4/None) 32/32/15/13/44

Note: Data are given as median values and ranges show 10"-90" percentiles.

Table 1: Patient background data.

Some patients needed slight adjustment of the RBV doses, because
of a decrease in hemoglobin during therapy.

Viral kinetic study

Serum HCV-RNA was measured using the COBAS TagMan HCV
test before the start of therapy and every 4 weeks thereafter until the
end of therapy, as well as at 24 weeks after the end of therapy. 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 136 CHC patients, 124 consented to genetic testing, and SNPs in
IL-28B gene were thus analyzed (Table 2). The region on chromosome
19 associated with HCV treatment response contains several SNPs in
linkage disequilibrium around the IL28B gene. Whole blood samples
for a genome-wide association survey were genotyped using the
Ilumina HumanHap 610-Quad Genotyping BredCrip. Genotyping
for replication and fine mapping was performed using Invador assay,
TagMan assay, or direct sequencing, as described previously [14,15].
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 [1]. As IL-28B genotype GG
was not detected in CHC patients, patients were divided into 2 groups;
those with IL-28B genotype TT (n=97) and those with IL-28B genotype
TG (n=27).

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 leukocyte subsets- lymphocytes (Ly), monocytes (Mo)
and granulocytes (Gr) — were then determined by flow cytometry to
measure the Mean Fluorescence Intensity (MFI) after staining with
anti-IFNAR-2 antibody, as reported previously [16].

T TG
No of patients (n) 97 27
Age (y) 57 (41-67) 53 (41-65) NS
Sex (M/F) 54/43 15/12 NS
Substitution
aa70 (Wild/Mutant/None) 48/21/28 6/13/8 <0.01
aa91 (Wild/Mutant/None) 52/17/28 12/7/8 NS
ISDR (0-1/>2/None) 30/40/27 13/6/8 NS
Serum
HCV-RNA (Log copies/ml) 6.5 (5.0-6.9) 6.5 (5.8-6.9) NS
AST (1Un) 51 (24-130) 52 (27-124) NS
AST (1Un) 64 (24-158) 58 (24-154) NS
Fe 122 (65-220) 136 (87-250) NS
Peripheral Blood
WBC (10%mm?d) 4.9 (3.1-7.4) 5.1 (3.6-7.5) NS
RBC (104/mm?) 443 (392-500) 450 (391-496) NS
PLT (104/mm?3) 15.6 (9.2-24.1) 15.0 (11.8-24.1) NS
Pathological findings
Activity (1/2/3/None) 29/33/2/33 12/8/0/7 NS
Fibrosis (1/2/3/4/None) 22/25/9/10/31 718131217 NS

Note: Data are given as median values and ranges show 10"-90" percentiles.

Table 2: Background of patients with IL28 patients.
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Statistical analysis

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

We used logistic regression analysis to retrospectively investigate
the influence of serum viral load, as measured before the start of
therapy, and age, sex, body weight, body mass index, IFN regimen,
IFN dose/kg, RBV dose/kg and history of prior IFN-based therapy on
SVR.

Results
SVR rates

Overall SVR rate was 57% (77/136). Of the 97 patients with IL-
28 genotype T'T, 66 patients (68%) showed SVR. In contrast, of the 27
patients with IL-28 genotype TG, 5 patients (19%) showed SVR (Figure
1).

Logistic regression analysis

IL-28B genotype at rs8099917 and patient age were factors having
an independent influence on SVR on multivariate regression analysis
(Table 3).

When we added serial changes in IFNAR-2 expression by Ly, Mo
and Gr before and up to 28 days after the start of therapy to the logistic
regression model, IFNAR-2 expression by Ly at day 28 was identified
as an independent additive factor (Table 4). Serial expression by
peripheral blood Ly before and up to 28 days after the start of therapy

in the SVR patients and the non-SVR patients were determined (Figure
2), and in the SVR patients, was found to steadily decrease.

Discussion

In this study, logistic regression analysis showed that strong
predictors for SVR to PEG-IFN and RBV in patients having CHC
genotype 1b and high viral load were the IL-28B genotype at rs 8099917
and patient age. Until IL-28B SNPs were discovered as strong predictors
for SVR by IFN-based therapy, patient age had been reported as one of
the most predictive factors for SVR to IFN therapy in CHC patients
[17]. Even after IL-28B SNPs were discovered, patient age remained a
strong predictor in addition to IL-28B SNPs [18].

However, IL-28B SNPs were the strongest predictive factor for
therapy with PEG-IFN and RBV in CHC patients infected genotype 2
[19], 3 [20] and 4 [21], in addition to genotype 1 [1-3]. Recent reports
have suggested that non-responder genotypes (TG or GG) at rs8099917
are associated with higher expression of Interferon Stimulating Genes
(ISGs) in the liver prior to antiviral treatment and ultimately treatment
failure [22]. Induction of ISGs is initiated after the binding of IFN-
alpha to INFAR-2 and of IFN-lambda to a receptor, IFN-lambdaR1, on
the plasma membrane of target cells [23,24]. On the other hand, some
clinical studies have found that IFNAR expression is correlated with
response to IFN-alpha therapy in CHC. Taniguchi et al. [22] reported
that high intrahepatic mRNA levels of IFNAR-1 and ratio of IFNA-1
to IFNAR-2 were significantly higher in patients having SVR to IFN-
alpha therapy. Fujiwara et al. found that the IFNAR-2 expression
levels in the liver are predictive of response to IFN-alpha treatment
in CHC patients. IFNARs are expressed on the cell membrane of

Estimate Standard error X2 P value

Intercept 6.59738182 2.0084967 10.79 0.0010*

(nI;-?) (n-l;(237) Rs8099917 (TT) 1.7883095 0.3963952 20.35 <0.001*
Age -0.1176582 0.0356905 10.87 0.0010*

(E =

e Sy

Figure 1: Sustained virological response (SVR) by interleukin (IL)-28B
genotype. Of the 97 patients with interleukin (IL)-28B genotype TT, 66 (68%)
showed SVR. In contrast, of the 27 patients with IL-28B genotype TG, 5 (19%)
showed SVR.

SVR Non SVR
(n=77) (n=59) p value
Age (y) 54 (41-66) 59 (45-69) P<0.01
Sex (M/F) 52/25 27/32 P=0.01
Peripheral Blood
E{?N”geg’a%’;}r'nen‘:f)' 5.0 (3.3-7.6) 4.9 (3.0-7.4) NS
Serum
Hcc\é'p'?e"'sf‘nﬂ')"g 6.5 (5.0-6.9) 6.5 (5.86.9) NS
AST (1U/l) 51 (25-130) 51 (23-131) NS
AST (1U/l) 64 (25-165) 55 (23-143) NS
Fe 134 (73-237) 119 (76-224) NS
At D28
Expression of
IFI\II)ARZ by Ly 0.5 (0.4-0.7) 0.6 (0.4-0.7) NS

Ly= lymphocytes

Table 3: Logistic regression model.

When we added serial changes in IFNAR-2 expression by lymphocytes,
monocytes and granulocytes before therapy up to 28 days after EOT to the logistic
regression model, IFNAR-2 expression by lymphocytes at day 28 was identified
as an independent additive factor

Change in
IFNAR-2
expression by
lymphocytes at

6.02008034 2.6303472 5.24 0.0221*

day 28
Table 4: Logistic regression model.
0.70 ~
Non-SVR
0.60 A
0.50

before D7 D14 D21 D28

Figure 2: Serial expression by peripheral blood Lymphocyte (Ly) before therapy
and up to 28 days after the start of therapy in Sustained Virological Response

(SVR) patients and the non-SVR patients.
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peripheral blood mononuclear cells, as well as hepatocytes [23]. It is
not 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 [24], it may be
valuable to observe serial changes in receptor expression on peripheral
blood leukocyte subsets. It is also thought that assessing expression of
the functional IFN receptor is useful, as IFNAR proteins located on the
cell membrane are functional, but intracellular receptor proteins are
not. Flow cytometry makes it possible to determine the amount of a
particular receptor protein expressed on the surface of peripheral blood
leukocyte subsets in CHC patients.

This study showed that serial changes in IFNAR-2 expression
by peripheral blood Ly up to 28 days after initiating therapy are an
independent factor predicting SVR to PEG-IFN and RBV in patients
with CHC genotype 1b and high viral load, in addition to IL-28B
genotype and patient age. Therapy with PEG-IFN and RBV may be
more effective when IFNAR-2 expression by peripheral blood Ly fell
smoothly up to 28 days after initiating therapy either in patients having
responder genotype or in patients having non-responder genotype
[25]. The steady decrease in IFNAR-2 expression by peripheral blood
Ly for up to 28 days after initiating therapy in the SVR patients appears
to be ligand-dependent receptor down-regulation, which is a well-
known phenomenon for ligands and receptors, such as Epidermal
Growth Factor (EGF) and EGF-receptor. On binding to its receptor,
EGF initiates a cascade of events leading to cell proliferation or
differentiation. In addition, the EGF receptor itself is down-regulated to
attenuate mitogenic signaling [26]. On binding to IFNARs, IFN-alpha
initiates a cascade of events leading production of antiviral substances.
HCYV is able to infect peripheral blood mononuclear cells, lymphocytes
and monocytes, as well as hepatocytes.

Datta et al. [27] reported that HCV infection directly modulates
IFNAR expression. IFNAR-2 expression by peripheral blood Ly may
decreases when HCV infecting peripheral blood Ly is diminished or
cleared. The mechanism of down-regulation of IFNAR-2 expression
in the HCV replicating cells may be due to the phosphorylation-
dependent ubiquitination and degradation of IFNAR-2.

To date, we have reported that IFNAR-2 expression by peripheral
blood Mo during early phase of IFN-based therapy was related with
early virological response [10,11]. However, in this multivariate
analysis, the amount of change in IFNAR-2 expression by peripheral
blood Ly was selected as a predictor for SVR, but not IFNAR-2
expression by peripheral blood Mo. Mo is known to be activated in
inflamed liver and to secrete antiviral cytokines, and is associated with
innate immunity. On the other hand, Ly including B cells and T cells is
associated with adaptive immunity and results in removal of virus from
infected cells. The distribution of viral variants among mononuclear
cells is different, and changes in IFNAR-2 expression by peripheral Ly
were more indicative of HCV eradication from infected cells than those
in IFNAR-2 by peripheral blood Mo in this study.

In conclusion, this study provided the first evidence that, in
addition to IL-28B genotype at rs8099917 and patient age, IFNAR-2
expression by peripheral blood Ly is an additive, but independent,
factor predicting SVR to PEG-IFN and RBV in patients with CHC
genotype 1b and high viral load.
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