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Abstract

[Analysis of clinical samples]

We have collected clinical samples, such as genomic DNA and serum, from regional core centers
for the treatment of liver disease since last year. The collaborators of the sample collection were a
group leader directing their research teams of Health Labour Sciences Research Grant. Main
members are Prof. Katsushi Tokunaga of University of Tokyo, Prof. Naoya Sakamoto of Hokkaido
University, Prof. Hitoshi Tajiri of Osaka General Medical Center, Prof. Akinobu Taketomi of
Hokkaido University, Prof. Yoshihiko Maehara of Kyushu University, Prof. Ken Takebe of Gunma
University, and Prof. Masashi Mizokami of Kohnodai Hospital. Research subjects are below, A)
chronic hepatitis vs. liver cancer, B) liver cancer vs. liver cirrhosis, C) chronic hepatitis vs. liver
cirrhosis, D) family cases containing multiple patients of HCC. Total 313 samples were collected in
2015 from the above hospitals for screening assay. After the quality control of genomic DNA, the
303 samples were prepared with the exome analysis using exon capture followed by next
generation sequencing (NGS). We have developed in house exome kit which probes were designed
by us and our collaborator (Prof. Suzuki, The University of Tokyo). The exome kit showed superior
to commercial kits on the coverage, cost, and capture efficiency. The latest kit we improved needs
lower genome samples compared with the commercial kits. The figures show the representative
data of exome analysis on our exome Kkit.

Using these NGS analysis, we have reported that the difference of HLA type is associated with the
clinical outcome of hepatitis B and the related hepatocellular carcinomas (HCC) (Nishida N,
Sugiyama M et al. PLoS ONE 2014. Nishida N, Sugiyama M et al. Sci Rep 2016). Especially, the
patients with HLA-DPB1*02:01 have a potential of low risk on HBV-related HCC development.
When we have analyzed CHB patients vs. healthy control, HLA-DPB1*02:01 was not related with
CHB development. However, the analysis between HCC and healthy control showed the statistical
significance.

Although these associations of HLA-DPB1*02:01 are significant, this factor is not useful for
clinical application because of the low odds ratio. There are several HCC patients with
HLA-DPB1*02:01. Then, we have determined another factor to improve the odds ratio of

HLA-DPB1*02:01. Viral factors could be useful to improve the prediction value in the patients
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with HLA-DPB1*02:01. We have analyzed HBV sequences in the patients with HLA-DPB1*02:01
homozygotes. To determine the viral factor, the comparison of viral sequences between CHB and
HCC were evaluated using NGS analyses. The age, sex, and HBV genotype are matched in the two
groups. All samples of HBV genome DNA were amplified by PCR and the products were analyzed
by NGS. The NGS data were aligned against the reference sequence of HBV genotype C retrieved
from NCBN. These data were converted into amino acid (AA) data. We have developed the
analysis pipeline of HBV sequence and AAs. These pipeline provide the ratio of the AA variation in
each group. We compared the variation between CHB and HCC. We have detected the significant
differences in 166L, 236Q, 251R, 275L, and 310S position of HBsAg AA. S310 is consensus in each
genotype, but only the major AA of 310 position in CHB group with HLA-DPB1*02:01 was T
followed by E and S. These mutations were not reported previously. Interestingly, these positions
showed several variation of AA in CHB patients, whereas the AAs of these positions in HCC
patients were convergent in a specific AA. The specific AA was not the most prevalent one in CHB.
The majority of AAs was changed between CHB and HCC patients.

Next, we have determined the peptide sequence of these 5 AAs. The peptide sequences of HBsAg
were retrieved from NCBI database. The peptide is S166/P236/L.251/Q275/S310 (SPLQS) in
HBsAg except for HBV/A (APSQS). Our data was analyzed to detect the peptide sequence in each
NGS read. Then, only 2 patterns of the peptide were detected in HCC group, which were
approximately 11% of LPLQS and 84% of LQRLS.

In line with the above data, we have detected the specific peptides in HCC patients with
HLA-DPB1*02:01. The risk peptides were associated with HCC development in this study. The
patients with these risk peptides could be high risk on HCC. To confirm the peptide data, it is
necessary to prepare the prospective study. The characteristics of HBV with the above 5 mutations
are going to determine using in vitro and in vivo study. In addition, the docking study between
HLA-DP molecule and the specific peptides is going to prepare to confirm the antigen
presentation.

Next, we have analyzed 120 genomic DNA from the graft of HCC. Our in house assay to detect
HBV integration sites is PCR-based method but not NGS. We have detected fusion genes
consisting of human and HBV. These integration positions are consistent with NGS data. This
method was applied into HIV and HTLV1 infection cells. Therefore, we have developed novel
method for the detection of viral integration site such as HBV, HIV, and HTLV1. Based on the
above data, we have constructed the fusion-gene to determine the function in vitro and in vivo. A
fusion-gene transfected into the primary non-cancer cells showed the cancerization potential such
as cell proliferation, metastasis, and invasion.

[Analysis of immune cell in the HBV infected liver]
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We optimized experimental conditions for visualization of the HBV infection process in the living
liver. Human primary hepatocytes and human liver separated from chimeric mice with human
hepatocytes were used for infection experiments in culture system. A modified HBV genome
inserting the reporter or fluorescent gene was used to produce infectious virion, and viral particles
were purified in ultracentrifugation. Fluorescence or luminescence was observed in the cells after
infection. TLR4 molecule was upregulated in HBV infected mice. The continuous liver damage was
observed by high ALT levels. Therefore, the activation of TLR4 pathway is a key in the progression
of liver injury. Next, Chlodronate liposome or asiaroGM1 antibody was administrated into the
chimeric mouse to eliminate macrophage or NK cells. Chlodoronate liposome administration was
associated with the remission of the liver injury. These data suggested that the activated
macrophage expressing TLR4 was associated with the liver injury.

RNA-seq analysis system based on single cell was established to identify novel lineage cells with
unique gene expression. Liver samples were separated into single cell to analyze the gene
expression by NGS. To determine the characteristics of cancer associated fibroblast (CAF) in liver,
we have analyzed the fibroblast near and far from HCC. Then, the CAF specific gene expression
was detected, which was associated with HBV related HCC. The functional analysis of the genes is
ongoing.

[Development of diagnosis markers]

If we detect the above molecules such as HLA-DP, HBsAg mutations, or fusion-gene, we can find
the high risk group of HCC. We have prepared the test set of HLA-DP genotype and virus
sequence using human whole blood. The antibody specific to the above peptide with 5 mutations or
fusion genes are also prepared to detect the peptide in sera. These test tools are going to use in
prospective study.

[Conclusion]

Our data showed that the combination diagnosis of both HLA-DP genotype and HBsAg mutations
reached approximately 90% prediction value in retrospective study. We have filed the patent
application on these new findings. On a fusion-gene, the diagnosis kit is prepared in the present
study. These factors should be confirmed by prospective study. The prediction of HCC development
is difficult in the present diagnosis. It is highly useful even though the prediction of HCC patients

is success in a certain percent.
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HF#EHLAICE HHHANEF (HLA-DPB1)

&2 ERETORN
ppgg CHB+HCC BEE
(2n=1,630) (2n=4,562) Pvalue OR 95%ClI
Allele
count % count % lower upper
02:01 301 18.5 1112 24.4 1.06E-06 0.70 0.61 0.81
04:01 36 2.2 246 5.4 1.21E-07 0.40 0.28 0.56
04:02 89 5.5 425 9.3 1.28E-06 0.56 0.44 0.71
05:01 756 46.4 1760 38.6 3.71E-08 1.38 1.23 1.54
09:01 266 16.3 454 10.0 5.85E-12 1.76 1.50 2.08
others 182 11.2 565 12.4 0.19 0.89 0.74 1.06
#®3 HCCEETOMEH
DPB1 Hee il
(2n=740) (2n=4,562) Pvalue OR 95%ClI
Allele
count % count % lower upper
02:01 108 14.6 1112 24.4 4.53E-09 0.53 0.43 0.66
04:01 21 2.8 246 5.4 3.20E-03 0.51 0.33 0.81
04:02 39 5.3 425 9.3 3.03E-04 0.54 0.39 0.76
05:01 362 48.9 1760 38.6 1.01E-07 1.52 1.30 1.78
09:01 123 16.6 454 10.0 6.51E-08 1.80 1.45 2.24
others 87 11.8 565 12.4 0.63 0.94 0.74 1.20
&4 CHBEETOREMN
DPB1 CHEB il
(2n=816) (2n=4,562) Pvalue OR 95% ClI
Allele
count % count % lower upper
02:01 179 219 1112 24.4 1.33E-01 0.87 0.73 1.04
04:01 14 1.7 246 5.4 6.49E-06 0.31 0.18 0.53
04:02 40 4.9 425 9.3 3.59E-05 0.50 0.36 0.70
05:01 364 44.6 1760 38.6 1.18E-03 1.28 1.10 1.49
09:01 131 16.1 454 10.0 2.52E-07 1.73 1.40 2.14
others 88 5.4 565 12.4 0.54 1.10 0.80 1.51
=5 BREHT7I/BNELGLHAME
CH HCC
AA
. Ref AA | Depth AA Depth AA Status
Position
166 S 7365(S, L, N 119167|L Major
236 P 9298k, Q, L 123318|Q, P Major
251 L 9099, R 122487|R, L Major
275 Q 9005|Q, L 120860[L, Q Major
310 S 26210[T, E, S 13543|S, T, E Major
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