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In this program, we established a collaborative team including expertise on hepatic diseases and
hepatic virus B (HBV) and glycobiologist developing analytical methods for glycan structures and
function of glycosylations. Our research aimed to reveal roles of glycan in HBV infection and develop
new drugs against HBV. For this purpose, we tried 5 themes including 1) Glycan structure analyses
of HBV (HBsAg), 2) Comparative analysis of glycosylation of host cells and HBV, 3) Analysis of
interaction mechanism between HBV and hepatic host cells, 4) Effect of glycan alteration on HBV
growth and infection, 5) Large scale preparation of glycosylated HBs antigens.

1. Glycans on HBV: To develop new HBV vaccines, we analyzed HBsAg purified from patients by

mass spectrometry and collected information on the modification such as glycosylation. We identified
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glycosylation sites and structures of N-glycans and O-glycans located in PreS1 in L.-HBs, PreS2 in
M-HBs, and S-HBs. The obtained information was used to generate HBsAgs or HBs-peptides with
glycans for immunization and antibody production.
2. Glycans and HBV infection: Whole transcriptome analysis using next-generation sequencing was
applied to find different expression of glycogenes and candidate receptors for HBV. As primary
human hepatic cells grew, they changed expression of glycoproteins and lost susceptibility to HBV
infection. We also succeeded to develop an HBV detection method using recognizing molecules for
HBsAg and its glycosylation, which can distinguish Dane particles and sub-viral particles (SVP).
3. Roles of glycans in HBV-host cells interaction: Although NTCP has been found as a candidate as
an HBV receptor, it has been suggested other receptor molecules to enhance incorporation of HBV
into hepatic cells. Since glycans and lectins are involved in many pathogen infections for human
being, glycans on HBV was removed and accessed for ability of infection. Glycosidase treatment
reduced HBV infection into primary hepatic (PHH) cells, suggesting that glycans on HBV are
recognized by intrinsic lectin molecule(s) expressed by PHH cells. We made siRNAs for the candidate
molecules selected from the data of whole transcriptome analysis, and several siRNA could reduce
HBYV infection.
4. Growth inhibition of HBV by changing glycosylation: We have investigated the effects of various siRNAs
targeting glycogenes on HBV replication by using an siRNA screening panel. The siRNA screening panel included
86 siRNA mixtures that could knock down each specific glycogene. Some siRNAs inhibited the secretion of HBV
in the culture supernatant and reduced the titer of HBV DNA as well as HBsAg levels in the culture supernatant
without cellular toxicity. This siRNA also worked for mutated HBV resistant to entecavir, indicating its usefulness
as an inhibitor effective to HBV with mutations.
5. Application of HBsAg with glycosylation: Current HBV vaccine is produced in yeast and does not contain
glycans. According to the evidences obtained above “1”, we designed glycosylated HBsAg and glyco-peptides to
use as antigens. We could prepare serum recognizing all L, M, S-HBsAgs and also found difference of antigenicity
of each glycoprotein compared to S-HBsAg, indicating that use of different HBsAgs for immunization has a benefit
to generate effective antiserum against HBV. Importantly, antiserum showed strong inhibition activity for HBV
infection. We successfully cloned cDNAs of the antibodies and confirmed that the produced recombinant antibodies
neutralized HBV infection into PHH cells.

Taken together, we proposed future vaccine based on the results of glycoproteome of HBsAg,
developed detection method of HBV using specific molecules for glycan and HBsAg, and found new
targets inhibiting HBV secretion and infection from the studies of whole transcriptome and

siRNA-screening.
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