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To eliminate HBV covalently closed circular DNA (cccDNA) and integrated HBV DNA, we
developed genome-editing gene specific to HBV genome, but not human genome. ZFN, TALEN,
and CRISPR/Cas9 system were applied to achieve the goal. We have developed several screening
and assessment system to select superior genome-editing genes in vitro and in vivo. We
characterized the innate immune response to HBV infection in tupaia model. Then, the selected
genome-editing genes were moreover improved to show the strict specificity of HBV genome
editing. Mizokami, Kohara, and Fukuhara are responsible for the development of the
genome-editing genes, such as ZFN, TALEN, and CRISPR/Cas9 system. We examined the best
pair of zinc finger or guide RNA sequence for degradation of HBV genome using Gateway vector
system. Especially, we examined the wild type (double strand break), Nickase type (single strand
break) and Defective-type Cas9 to reduce the off-target effect.

Messenger (m)RNA delivery is a safe strategy for introducing genome editing nucleases.
However, in vivo mRNA delivery is technically challenging due to its low nuclease stability. To
solve this problem, we developed a nanomicelle-based carrier with high stability and also
optimized the composition of mRNA chemical modification. Using this optimal system for the
delivery of genome editing nuclease mRNA, we succeeded in sequence specific cleavage of HBV
DNA in mouse liver.

Our data showed that the use of synthetic mRNA, instead of DNA as a vector, has advantage in
that there is no risk of developing mutations and integration into genome. However, this
strategy requires improvement of the mRNA stability and optimization of the translation
efficiency. Here we have unraveled the whole picture of the decay mechanism of exogenous
synthetic mRNA and successfully developed a method of improving intracellular stability and
translational efficiency of the mRNA. Also, we have developed a new strategy to optimize
translational potency by tethering of translation factors to the mRNA 3’'UTR.

We confirmed the safety of genome editing strategy for hepatitis B patients using
genome-editing gene based artificial cassettes without any remarkable side effects in normal
primary human liver cells as well as wild-type and humanized mice harboring human liver cells.
In addition, we assessed the sequence both human and HBV genome using next-generation
sequencer. The data analysis pipeline we developed in this study enables us to know the
genome-editing point in HBV or human genome, semi-automatically. The obtained data were

used to improve the genome-editing gene moreover.



A lot of liver organs obtained from liver transplantation were stored to assess the
genome-editing gene. A part of the organ obtained from or far from HCC was prepared to culture
fibroblast and hepatocytes. These primary cells were provided to the collaborators in this study
group.

We clarified that serum levels of HBs and HBcr antigens are useful to estimate intracellular
level of HBV cccDNA even under uncleos(t)ide analogues administration. We developed a new
assay system which can detect latent HBV infection under existence of HBs antibody with high
sensitivity. We also developed an assay system which can measure serum level of HBV RNA, and

showed that the level increased under extraordinary circumstances of HBV replication.
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In this study, we aimed to eliminate HBV from liver genome by using a novel approach for

genome editing with ZFN/TALEN/Crispr-Cas9 systems.

For this purpose, the use of synthetic
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mRNA, instead of DNA as a vector, has advantage in that there is no risk of developing
mutations and integration into genome. However, this strategy requires improvement of the
mRNA stability and optimization of the translation efficiency. Here we have unraveled the
whole picture of the decay mechanism of exogenous synthetic mRNA and successfully developed
a method of improving intracellular stability and translational efficiency of the mRNA. Also,
we have developed a new strategy to optimize translational potency by tethering of translation
factors to the mRNA 3'UTR.
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(1) Collection of human liver tissues and blood samples from the patients with HCC
underwent hepatectomy.

In this project, we have main roles of collection of human liver tissue and blood samples
from the patients with hepatitis B related HCC underwent hepatectomy to provide them to
co-investigators. Samples from patients suffering from not only hepatitis B virus but also
hepatitis C or non-alcoholic fatty liver disease (NAFLD) were collected. HCV and NAFLD
samples will be also used as control in this study. To collect the tissue/blood samples and
the patients’ clinical information, Tissue Bank in Department of Surgery, Hokkaido
University, which was approved by the Institutional Review Board of the Hokkaido
University, were conducted. Informed consent was obtained from each patient in accordance
with the Ethics Committees Guidelines for our institute. Human liver tissues were
obtained from 456 patients who underwent surgical resection of primary HCC between 2012
and 2016. Among them, 97 cases were HBV related HCC.

(2) Evaluation of the condition of primary culture of hepatocyte from human resected liver
tissues.

The successful rate of primary hepatocyte culture is
very low in early period, because of a prolonged warm
ischemic time of the liver during surgery. As investigators
cannot control the warm ischemic time during surgery, we
constructed the sophisticated work-flow from bedside to
bench to minimize the damage of liver tissues. The patients
who underwent hepatectomy with a short ischemic time,
such as a left lateral segmentectomy or a partial resection
of the liver, were selected for the primary -culture.
Furthermore, the experimental conditions of tissue
digestion or tissue culture has been re-evaluated using rat
liver tissues to determine the optimal condition to yield
higher successful rate of primary hepatocyte culture.
During study periods, primary hepatocyte culture has been
established from 13 hepatectomized patients including 4
cases of HBV infection.

To improve the rate of establishment of primary hepatocyte culture from human liver
tissues, immortalization of primary hepatocyte by transduction with hTERT, SV40 LT or
HPV E6E7 gene are planned.
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