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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
by genome-wide association study (GWAS) (Nat Genet 2009). We hypothesized that 1L-28B
(IFN-A3) could be responsible for HBV treatment as well. Therefore, we measured serum
IFN-A3 levels in patients with chronic hepatitis B. Unexpectedly, we found that high serum
IFN-A3 levels were observed in patients who were treated with nucleotide analogues
(adefovir; ADV or tenofovir; TDF), not nucleoside analogues (lamivudine; LAM or entecavir;
ETV). To confirm this, we measured serum IFN-A3 levels using series of samples in patients
who were treated with nucleos(t)ide analogues, which revealed the elevation of serum IFN-A3
levels on treatment with nucleotide analogues. These findings suggest that nucleotide
analogues themselves induced IFN-A3. Next, we sought to demonstrate these findings in vitro.
We used cell lines originated from lungs, skin, gastrointestinal tract, liver and lymphocytes,
but only colon cancer cell lines induced IFN-A3 by ADV or TDF. No induction of IFN-A3
was observed by nucleoside analogues (LAM, ETV). ADV or TDF induced mRNA levels of
IL-28B and IFN-A3 protein was observed in colon cancer cell lines by immunohistochemistry.

Nucleos(t)ide analogues inhibit replication of hepatitis B virus (HBV) by inhibiting its
reverse transcriptase, but theoretically do not affect production of HBV surface antigen
(HBsAg). However, recent report showed decrease of serum HBsSAg levels in patients who
were treated with TDF, not ETV. Therefore, we sought to confirm it in vitro. Hepatoma cell
lines that produce HBsAg were treated with recombinant IFN-A3 and HBsAg levels in the
supernatant were measured. Recombinant IFN-A3 decreased HBsAg levels in a
dose-dependent manner. Next, hepatoma cell lines were treated with the supernatant in the
culture of colon cancer cell lines treated with ADV or ETV, and interferon (IFN)-stimulated
genes (ISG) in the hepatoma cell lines were analyzed. ISG levels in the hepatoma cell lines
were up-regulated when colon cancer cell lines were treated with ADV, not ETV. These
findings would have great clinical implication because orally treated ADV or TDF reached
gut where IFN-A3 was induced, induced IFN-A3 went into liver through portal vein. We
reported these findings together on Gut.

Monotherapy of ADV or TDF is not sufficient to eliminate HBV or stop treatment even
though it shows such an additional effect. Then, we tried to find out stronger inducers of
IFN-A3 as novel HBV therapies. To find those, we should understand its mechanism. First,
we focused on XX because of its structure. We used 5 colon cancer cell lines and compared
their expression levels of XX with ADV-induced IFN-A3 levels. As we expected, they were
well-correlated each other. Next, we established cell lines that were knocked-out of XX. In



the XX knock-out cells, ADV did not induce IFN-A3 whereas IFN-o induced IFN-A3 as seen
in wild cells. Meanwhile, XX-knock-in cells were also established in cells that had no XX
expression. XX-knock-in induced IFN-A3 and IFN-A3 induction by nucleotide analogues
were not detected. Taken together, ADV or TDF induced IFN-A3 through XX, which are now
submitting to the journal.

Combination of nucleotide analogues with PEG-IFN-a. showed favorable effects in
clinical studies. Therefore, colon cancer cells were treated with nucleos(t)ide analogues
together with IFN-o and IFN-A3 in the supernatant were measured, which showed additional
effect of IFN-a in induction of IFN-A3 by nucleos(t)ide analogues.

We analyzed the factors associated with favorable responses in patients with sequential
therapy (nucleos(t)ide analogues were switched to PEG-IFN-o). Patients with chronic
hepatitis B (n = 95) who were treated with nucleos(t)ide analogues were prospectively
switched to PEG-IFN-a. Serum samples were taken before switching. This study was
approved by University of Shinshu and our laboratory measured serum IFN-A3 levels.
Twenty-six out of 95 patients showed favorable responses. A multivariate analysis
demonstrated that low levels of HBsAg and HBV core related antigen (HBcrAg), and high
levels of serum IFN-A3 before initiation of PEG-IFN-a were significant factors for favorable
responses. There are no factors available to select patients with favorable responses in
sequential therapy. In addition, PEG-IFN-a has significant side effects. Current findings
would be important, especially regarding to selection of patients with favorable responses.

In another clinical study, we retrospectively observed serum HBsSAg levels in patients
who were treated with nucleoside analogues or nucleotide analogues. Serum HBsAg levels
were significantly decreased by nucleotide analogues, compared with nucleoside analogues.
Interestingly, serum IFN-A3 levels were inversely correlated with decreased HBSAg levels,
which were consistent results with our vitro experiments that recombinant IFN-A3 decreased
HBsAg levels in a dose-dependent manner. This study was approved in Hokkaido University
and our laboratory measured serum IFN-A3 levels.

Orally administered nucleo(s)tide analogues absorbed from gastrointestinal tract and go
through portal vein. Since enteric lipopolysaccharide (LPS) can cross the intestine and spread
into portal vein, we hypothesized that orally administered nucleos(t)ide analogues influenced
LPS-induced cytokine production in peripheral blood mononuclear cells (PBMC). PBMC
from healthy volunteers were treated with nucleos(t)ide analogues, following stimulation with
LPS and several cytokine production were measured by BioPlex cytokine assay, which
revealed that ADV or TDF inhibited IL-10 and enhanced IL-12p70 and tumor necrosis factor
(TNF)-a, not LAM or ETV These cytokines changes were dose-dependent on ADV or TDF.
When using PBMC from HBV patients, these patterns were similarly observed although all
cytokine production was impaired when PBMC from patients with liver cirrhosis were used.
It is well-known that IL-10 partially contributes to chronicity of HBV because IL-10 inhibits
sur-plus immune responses and IL-10 is up-regulated in patients with chronic hepatitis B.
Meanwhile, 1L-12p70 activates CD8" T cells to kill virus-infected cells (cytopathic killing)



and natural killer cells to eliminate virus from virus-infected cells without cytotoxicity
(non-cytopathic killing). Taken together, these cytokine changes induced by ADV or TDF
may contribute to HBV elimination.

PBMC from healthy volunteers were treated with nucleos(t)ide analogues together with
IFN-a., following stimulation with LPS, and cytokine production was measured. ADV or TDF
induced IL-12p70 and combination of IFN-a enhanced IL-12p70 production by 4 to 5 times.
There were no changed in IL-10 levels. Recent clinical study showed favorable effect
responses in patients treated with combination of TDF and PEG-IFN-a, which our ex vivo
study may support.

IL-10 and IL-12 are important cytokines for host immune controls and are reciprocally
regulated by one another as anti-inflammatory and pro-inflammatory cytokines, respectively.
To clarify whether inhibition of IL-10 or induction of IL-12 is a primary reaction of ADV or
TDF, we treated PBMC with monoclonal antibodies or recombinant proteins of each cytokine
with NUC and LPS ex vivo for 2 h after stimulation with LPS, then measured cytokine
production in the supernatant. Recombinant proteins or antibodies of IL-12p70 and TNF-a
did not change IL-10 production. In contrast, recombinant proteins or antibodies of 1L-10
inhibited and enhanced IL-12p70 and TNF-a in a dose-dependent manner, which suggest that
ADV or TDF inhibit IL-10 production that reciprocally induced 1L-12p70 and TNF-a.

Next, we sought to identify cells responsible for IL-10 production. We depleted T cells,
NK cells, B cells, and monocytes from PBMC by each antibody. These cells were stimulated
with LPS and IL-10 in the supernatant was measured. IL-10 production was abrogated by
depletion of monocytes from PBMC. Monocytes were treated with nucleos(t)ide analogues,
following stimulation with LPS and IL-10 production was measured, which revealed that
ADV or TDF significantly inhibited IL-10 production. Taken together, monocytes contributed
to IL-10 production by LPS and ADV or TDF inhibited IL-10 production in monocytes.

Finally, we sought to determine other effects except for IFN-A3 production in
gastrointestinal tract or IL-10 inhibition in monocytes. From the intensive search for previous
papers, we hypothesized that ADV or TDF could inhibit phosphorylation of YY protein. We
treated many cells from different origin with nucleos(t)ide analogues and analyzed
phosphorylation of Y'Y, which revealed that YY phosphorylation was inhibited in all cells
tested. Since YY is one of key players of tumor growth, ADV or TDF could contribute to
regression of tumor growth. We are now submitting about this.

We found, for the first time, these additional effects of ADV or TDF and their
mechanisms. These studies are now approved by AMED this year and we would like to
further develop basic and clinical studies. We greatly appreciate your help.
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