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R-837 HIWMIZT mRNA IFN-A 1%, 4 Kl CE— 27 2380, WEIK TN Lz, —FH., e BnHAELE
Chemiluminescence enzyme immunoassay (CLEIA)% FV 72 IFN-VEE H Of#NT Cid, IR TE— 27 2380, £ 0D
BASFIE T T F—%HEFF LTz, 2O NS IFN-BERORENRTE LR EHEL b0 LB b
77
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Abstract

We recently found that interleukin (IL)-28B polymorphisms (non-TT) were strong
predictive factors for non-responder of pegylated-interferon (IFN)/ribavirin (RBV) treatment.
However, the mechanistic roles of IL28B and its protein, IFN-A3, for chronic hepatitis C are
still unknown.

BDCA3 dendritic cells (DC) were recently reported to be main producers of IFN-As.
Therefore, we focused on DC. Since HCV is a single stranded RNA, toll-like receptor (TLR)
7 or 8 recognize HCV. BDCA3'DCs do not express TLR7 or 8, so we wanted to identify
other DC subsets to produce IFN-A3 by TLR7 or 8 agonist. After negative or positive
magnetic selection of BDCA-1, 3, 4'DCs using 100 ml of peripheral blood from healthy
volunteers, each collection was stimulated with IFN-a., following poly I:C or R-837 as
previously reported, and evaluated the mRNA of IFN-As or the protein levels of IFN-A3. We
firstly found that BDCA4 DC were main producers of IFN-A3 when stimulated with TLR7
agonist, whereas BDCA3 DCs were main producers of IFN-A3 when stimulated with TLR3
agonist. Therefore, different stimulations induce different DC subsets to produce IFN-As.
Next, we tried to seek whether small amount of blood is enough to stimulate DC for clinical
application. Then, we found that IFN-As were clearly induced even with small amount of
blood (2ml) and were induced more prominent in patients with TT genotype than those in
non-TT genotype.

Next, we wanted to analyze whether ex vivo induced IFN-A3 could predict the response to
Peg-IFN/RBYV that is a current standard of care for chronic hepatitis C (CHC). Consecutive
100 HCV-RNA positive CHC patients with genotype 1b (35 male, 65 female) were enrolled
in this study. Our patients with the TG/GG genotype were more prevalent (41.0%, 41/100)
than in the normal population (about 20%), which was expected given that patients who had
previously failed to benefit from HCV treatment tended to visit our center. Among them,
there were 36 patient s who had histories of Peg-IFN/RBV was treated with Peg-IFN/RBV
treatment. We found that amount of ex vivo induced IFN-A3 by stimulation with TLR7
agonist determines the outcome of peg-IFN/RBV treatment, using peripheral blood
mononuclear cells (PBMC) from patients. That is, high IFN-A3 protein were induced by ex
vivo stimulation with TLR7 agonist in patients who had shown viral response (VR) whereas
only low IFN-A3 protein were induced by ex vivo stimulation with TLR7 agonist in patients
who had shown non-VR. Interestingly, patients with TT genotype who expected to be
responders, but had failed peg-IFN/RBV treatment showed lower induced-IFN-A3 levels,
whereas patients with non-TT genotype who were supposed to be non-responders, but had

shown favorable response to peg-IFN/RBV showed higher induced-IFN-A3. These results



may suggest the reason why IL28B genotype alone fails to predict the efficacy of
Peg-IFN/RBV therapy at about 20%. Our method may be superior to IL28B genotype to
predict the efficacy of Peg-IFN/RBV therapy. This study, for the first time, presents
compelling evidence that genetic variations in IL28B confer a functional phenotype and
potentially explains our GWAS data. In addition, these results may explain discrepant cases
related to IL28B genotyping in the response to Peg-IFN/RBYV treatment. Thus, ex vivo
induction of IFN-A3 in PBMC by a TLR7-agonist may be a more accurate predictive method
for determining the outcome of Peg-IFN/RBV therapy.

Furthermore, in patients with TT genotype and lower IFN-A3 production, peripheral
platelet counts were lower and higher non-invasive assessment for liver fibrosis (acoustic
radiation force impulse; ARFT), suggesting that advanced fibrosis as one of post-translational
modifications affect IFN-A3 production.

The drawback of our method is too complicated for clinical applications. In addition, ex
vivo induction of IFN-A3 needed fresh DC and frozen samples were not available. Then, we
seek to find other factors that are correlated with IFN-A3 production induced by TLR7 agonist.
Since BDCA4 DCs are main producers of IFN-A3 when stimulated with TLR7 agonist, we
measured the ratio of peripheral BDCA4 ' DCs in CHC patients and compared with ex vivo
induced IFN-A3 levels. We found strong correlation between ex vivo induced IFN-A3 levels
and the number of peripheral BDCA4 DCs. Patients who had shown VR have higher number
of BDCA4'DCs in the peripheral blood whereas low number of BDCA4 ' DCs are observed in
patients who had failed Peg-IFN/RBV therapy. Interestingly, the number of peripheral
BDCA4'DCs was well-correlated with acoustic radiation force impulse (ARFI) which is a
non-invasive measurement of liver fibrosis under ultrasonography. Generally, liver fibrosis is
a risk factor for Peg-IFN/RBV treatment, but the precise mechanisms for that are unknown.
Our results may implicate the mechanism for poor response in advanced liver fibrosis (the
reduction of peripheral BDCA4'DCs in liver fibrosis results in poor induction of IFN-A3).

Next, we tried to seek easier methods to predict the response to Peg-IFN/RBV treatment
because genotyping is costly, making worldwide clinical application difficult. Frozen serum
samples were collected from 170 CHC Japanese patients (genotype 1b) who had completed
PEG-IFN/RBV with > 80% drug-adherence. Serum IFN-A3 levels measured using our newly
developed chemiluminescence enzyme immunoassays and interferon gamma-inducible
protein-10 (IP-10) levels were compared with clinical data and therapeutic outcome. Serum
levels of IFN-A3 and IP-10 were significantly lower in patients with virologic response (VR),
but no differences were observed among different IL28B genotypes. Serum IFN-A3 below the
cutoff yielded a positive predictive value of 98.1% for VR, regardless of IL28B genotype
(category a); however IP-10 levels failed to set up clear cutoff values. None of the patients
with high serum IFN-A3 level and non-TT (an unfavorable genotype in rs8099917) showed
VR (category b). Patients with high serum IFN-A3 level and TT genotype were further
divided into favorable response (category c1) or the other group (category c2) according to

low or high FIB-4 index, respectively. Furthermore, a data mining analysis confirmed these



findings. Taking together, pre-treatment levels of serum IFN-A3 together with clinical data
could be used to categorize CHC patients into four groups, each showing distinct treatment
responses, which may provide a simple, cost-effective, and accurate tool for prediction of
CHC treatment.

Because IFN-A3 is a cytokine that associate with innate immunity, and the receptor for
IFN-A3 was found in various organ including skin, colon, liver and so on, except for brain,
blood stem cells, we measured serum IFN-A3 levels in various diseases. So far, we found that
high serum IFN-A3 levels were observed in acute hepatitis E patients. Interestingly, no
changes in serum IFN-A3 levels in hepatitis A patients were observed although hepatitis A
virus is a single stranded RNA as well as hepatitis C virus and hepatitis E virus. We are now
analyzing the association between severities of hepatitis E virus infection and serum IFN-A3
levels.

We are also interested in analyzing the serum IFN-A3 levels in hepatitis B patients
because there are still discussion in the association between chronicity or treatment response
in hepatitis B (HBV) infection and IL-28B genotypes. We measured serum IFN-A3 in
different status of HBV infection (i:e, asymptomatic carrier, chronic hepatitis and liver
cirrhosis). However, we found no relation between those. There are no association between
IL-28B genotypes and serum IFN-A3 levels as well. No changes in serum IFN-A3 levels were
observed during the clinical course of acute hepatitis B infection. However, interestingly, we
found that high serum IFN-A3 levels were only observed in HBV patients who were treated
with nucleotide analogues (adefovir, tenofovir), not nucleoside analogues (lamivudine,
entecavir), that is a standard of care for chronic HBV infection worldwide. Since, in previous
reports, adefovir showed the activation of natural killer cells in mice, and tenofovir induced
several cytokines in vitro, we hypothesize that nucleotide analogues have any effects on

innate immunities as well as polymerase inhibitors of HBV. These projects are now ongoing.
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