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Development of new immune drugs for the control and the

elimination of HBV cccDNA
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Regulation of HBV cccDNA using HBV-infected mice
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Development of New Drugs for Antiviral Immunity
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Development of therapeutic vaccine for chronic HBV infection
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its efficacy
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Investigation on the mechanism of immune tolerance against HBV
in patients with chronic hepatitis B: A focused analysis on NK

cells and dendritic cells
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Investigation of the activation of innate immune response to HBV
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Analysis for HBV genotype—associated susceptibility to
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TCR cloning and its use for adoptive T cell therapy
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Production of TCR gene—engineered lymphocytes and development

of adoptive cell therapy utilizing the engineered lymphocytes
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Development of new adjuvants for peptide vaccine against HBV
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Development of peptide vaccines using HBV-derived HLA-A24
restricted cytotoxic T lymphocyte epitope
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II. BROBIE (BETTERE)
- IFRBARARE (& TFE—)

BT a7 igh ST g BERUBHETFRAES] 130 BIOfEHT) & HBerAg Bt EBIIXEE MR &t
i LA B  A DR A 250 7o, HBerAg Bt o IF#HAL ClEfatplictt L, HNF4, CEBP
X Spl 72 &£ D HBV R BEHE 28 < S FIK F DR BUTHEN RO Hiv, 7 L7/ 2 RNA X° HBV-DNA
OB TLHE U RN TIE HBV 7 AEBHERF S T2, A R/ 2 213 HNF4, PPARA,
LRH1 O% 8240 L. pgRNA, HBsAg, HBV-DNA, cccDNA #J/d S, =27 H L& off
HTHIGIRPRBOOND Z L 2P BN LT,

B RUSVERT RAERFI O R MLHE O pDC DEA=T-FEBURNT 24T\ 1B HEIEENME B BUTRAEB] T IIAEH
BIPHERE M v U 7HREF] & iR U, 2 < OREHRRRICBET 2 8 FRBADKRTARDOLNLDL Z &
AL LT, B FAIMFHEEERMIE (PMDC05) % HWMAE Tk, HBV 24 %
HepG2.2.15 & OHERE#IC LY PMDCO5 OH A b A VEAROIKTFARD bz, OSM KW
LECT2 ###%iz L v PMDCO05 OffERIE 2588 7-, LECT2 X p-IkB OFHFHE, TkB ORI T
Z0 U CRPIMARO NFKB & 7 L 3G 32 2 & 28 52 Lz,

- B FRBR S Sy L (5 A ERE)

FREDA A =72 BLR T A ENERGTHZLICED, b MNPl AT~ R
(28T D HFN cceDNA 238 L7z, HBV Z 4 S 7- v MFlaiE TK-NOG ~ 7 A2k U >
PRER A AW THRE AR ATV, BREFAET AT RAOREER L=, ZORICEBWNT, 7%
7 B EENRICEDN TH D Z EDRRI I, REREORREMENH G E o7,

- B FRBA S Sy HE (R AR RR)

B BUBMERF R~ T AT VB WT, VA NVAEADIKT & WHBET 2 B8 TR RIS
T2o 2INTH 7 EH A > CCL5 43 FIZ2W T, STAT3 5 LN NFkB 2 L THL U A /L AR
BG4 D AlEEtE N R SN, S HIT in vitro Y RIZHE VT, HBV cccDNA & & AHB 3 2 15 = Hk
K738 R S v, B Zem il oo+ & L ORI ST,

- FFFRBAR S HE (BAE )

t A T FILERITH D SAHA L O HIV #£, Prostratin (X HBV DNA O &% KT &
72, 512 SAHA KO Prostratin %, 73720, =T W ENFONEAZETHEMB L, 2
DFERND 25 OIEAZ L 5 HBV IBIEO "JREMENS /R S 172,

HBV O NAERHSEICBE S LT b B 2 b b EE#EE . LIPG, HECW2, DOCKI11,
DENND2A @ 4 S % [FAE L7, #12 DOCK11l, DENND2A O¥HHH 1L HBV (2@ L=t MF
FAZIZ IV T HBV cccDNA Z RS & Tl S8 7-, ZOfEEH2 5 DOCK11,, DENND2A % #
—7 & LTEIREIEIZPLHBV 3L U CORMEEMED R ST,

- FFFRBA S Sy HE CRA HE)

B BT T A L ADOERUCEE /2K F & LC KDM5B, DNMT3A, NR3C1 @ 3 {H D=5 173
FE Sz, ¥4 718 RNA-29 (32150 3 HOERER T ORBEHEHEZIT-> TR, BEIFRYA
Jv A DRI L 72 % E 2 o T D 2 E o T2, S EOIRER T OMflB L O~4 7 1
RNA-29 OFFE (X8 B BUAFR O 7= oI5 HEIE &L 72 V155 2 ERB STz,

- FFRBR SRy CR ) Hh)

t NHBV XX U7 DOET AL THL HBs PR N7 AV 2=y 7<= RAZEBWT, HBs HUJ Y 7
Fmz. K %4 7® CpG-oligodeoxynucleotide T& 5 K3 (T Schizophyllan #fh& 7=
K3-SPG #7 ¥ =2\ b & LTHWTHRIEZITH Z & T, HBs fif&, HBs-CTL JSZOFE, Aflic
BT OREROMBL e & EEROFTIE 2 MR, 1GRISHO Rt Z R Lz,



- R RBA S S L (B HEER)
HBV cccDNA DO FERHERRD 72 DIZIT50SE R OIEMAL S LE TH 5, HBV Z s -8 A L7- Huh7
(HBV-Huh7) &#bkflE (DC). NKMEOIEEEDOREZH W T TOZ EZH LM LT,

1) NK #fa/Z HBV-Huh7 & » 3553 ¢ IFN-y 2 pE4 L, HBV @A 40 L7z,

2) Plasmacytoid DC (PDC)iZ HBV-Huh7 & @ #8458 T IFN-a, IFN-A Z 4 L. NK @ Granzyme
B. TRAIL %34 jUite S, HBV SRHNHI2hH 21858 L7z,

3) HBV-Huh7 #if2N (2 IFN-a #%EME ISG #F (APOBEC3G. ISG15, IFIT1, MxA 7¢Y) Mk
&Nz, IFN-a FFFLA, B TRAIL B, i NKG2D HURDRINC & > T HBV #RB0H] 1308
55 L7,

4) STING »7 =2k (cGAMP) %R+ % &, HBV OfFE FTHOA NK fifidod TFN-y,
Granzyme B FEAEREZNTTHE L, HBV B84 58 < il L7, RIS S 2~ LDH ISP ©
EH L,

UL oS X v HBV R oOMHENIIE NK Ml & PDC OWBFERANSLETH Y . A% ITA T pEE

EMAZMZ S>> NK & DC #h= L WG T 21EaW, ABIEHEWEDO AV —=0 7 PRLET

EEZ LN,

- IFRBAR S HEEGER B

B BUFFRICIIT 5 BRGIEICEZERIED ST A7 ) 7 b —LMMENTTHT L. LTD 3 SOk
FE2T, 1) BEORRIM ERZERGHIE L~V TiE IFN JSE DS —EHER S5, 2) in vitro < ex vivo
DEERTZ T B - HBV EYATHI A E 72 TFN 213 H S e, 3) HBV HiJR 241 5 O ]
ICHKBLT HET L~ 7 ADFREOMEHTC b HE 7 IFN S I s ne v, BLEL Y . BRTFSE
BT HHRGEISEITELTZE L THEMBETHLZ EEW LN LT, £7=, HBV/alum V7 5
COFHT O~ 7 AEBR T, PURRHIC L VAN T Thl ISERFE Sh/- 2 L 2D, Th2 FHEME &
ShD alum %G5 TH TLR P A7 AMIRESIND HBRGE S 7T VOIEHALAEL 5 D LRI
776

- FFFRBAR Sy HEE(NEEE)

HBV D55l COMMET L2 VT RZ Ml K VFFEIN 218 EDO T R h— AT HBV
BRI G 2 2 B 5 30 U 7=, S (s 7o HBV #8752 3 R4 A L 7= HepG2 #ifin 2 TNF-
a THEL7-L 2 A, HBV #fs 73 A KSR L TV A TldiB a4 B, CHRoMa & g L
TT AR =V RAFEZHEMET LTV, SHIZZLH O HepG2 il NK Ml 2B AT 52 LIC &
DHEBEINDTHR b= 2% LTHEE TR A RERME @0 Tagigs ik, 8
TR OFER, BT A BROEAMIE TIE TNF-o Lt 72 —ORENME STz, L
FofERIE HBV #5785 A BROBEGIC B W TR OBIE L 2 5 i Z TR O—2l > T D
AIREMEDNE 2 BTz,

- IFRBARSHEEGRLD )

AAFFEIC CIRIE L7z HLA-A24 (255632 HBV # VX7 BHKET T R, KO, BEHROLTF R
Z HWC, HBV [BYBE ORMIM Y > )Ek X 0 . HBV 800 T Mz FE L, £ TCR #Ef5 L
72 B3 L7= TCR Z RHYIML T AIMICRILS &5 2 & T, HBV 7 F FERAHINE 15T 2 75
T&EHZ EERLT,

- B SR BA S S .3 (th FH A8 HT)

LIFD 3 SOBHERRR AR A 25172, 1) B ILRFITTER Sz HBV #5844 TCR O#EE 74 &
AR Y > ERICEIR FEA L, HBV SUREBMZEET 5 2 L4 L7, 2) TCR &Y
VBRI E O R M A TS 5 A v EARFHIR A fENL L7z, 3) MEAPRHI D siTCR L ke v



A AR Z—ZANT, FEACY 38k E W T M EREDBR 21T - 72,

- B FRBR Sy HE (L AR )

BHZE T ¥ 2Ny Mgl e LT, EEGEERERLEE (GMP) L cilgE szt MY CpG
U A% (CpG-ODN) |, OV 2t o> DDS-#4fE 7 ¥ =3 b & LT_—% 7 /L7 CpG-ODN
BAEEO B BIFRIGFICHASANT TOBFICHKII LIz, 72T Vany hOEmWEett, f
AR =7 4 P TRER LT,

- B FRBR % S OKIEZE U R)

H AN CTOREGR MmO BRI 7 A /L A (HBV) genotype C Hi3kE D HLA-A24 FdoPEf i (&5
THRCTL = h—7%2EFRE L], = =705 6, BEERT —ZIZBWTHBV 273
PR MLIE ALT i & MR 200 E 2~ 7 =8 h—772 HBV JERICBE T2 & B2 b, =
I =T EHLMNI L, £, INHOTE h—TENICAYS T D HBV O 7 2 BEES
DEBOFE L EINE L OEEZH LMLz, Rot =72 H\W=_TF KT 7 F 0%
DD, BREEOT P anNy N eXTF Reflhibd T F KU I F oL LTORENE, %
EHENR, WY T Vo MDA EDEEZE O HLA 2 b D8 G F A~ T AET/UICT
MR L7z, ERDMEHT XLV | A 2 D HBV genotype C Hi2k? HLA-A24 s LRI S %
P CTL =& h—T7Z2HW\=_XTF KU 7 F U OFEMTE =72 MeE L=,

- MPRBRFEREE (@ THE—)

We evaluated the clinical and virological assessment of CHB patients who were underwent
nucleotide analog and revealed that the positivity of HBcrAg was one of the significant variables
associated with the complication of HCC. Gene expression profiling showed the up-regulated
expression of HNF4A, CEBP and Spl in the liver of HBcrAg positive patients. These
transcriptional factor induces HBV related genes transcription, and therefore, amount of pgRNA
and HBV-DNA was significantly higher in the HBerAg positive liver than HBerAg negative liver.
We found metformin inhibited the expression of HNF4, PPARA and LRH1, and decreased the
amount of pgRNA, HBsAg, HBV-DNA and cccDNA. Furthermore, we found combination of ETV
with metformin had additive effect on HBV replication.

We evaluated the gene expression profiling of pDC from the patients with CHB. We showed
many of the functional genes were down regulated in pDC of active phase of CHB compared with
healthy carrier or HBV free normal subjects. In vitro analysis using human leukemia derived
dendritic cells (PMDC5) showed that expression of cytokines from PMDC5 was substantially
repressed when they were co-cultured with HepG2.2.15 in which HBV was replicating. We found
OSM and LECT2 recovered the function of PMDC5. Western blotting analysis revealed LECT2
activated NF-KB signaling through up-regulating p-IkB and down-regulating total IkB in
PMDC5.

- FREBRFE S L (S HHERE)

High dose entecavir and PEG-IFN combination treatment in human hepatocyte chimeric mice
resulted in a reduction of intrahepatic HBV cccDNA. of HBV can be achieved even in the absence
of a cellular immune response. We established an animal model of fulminant hepatitis caused by
HBYV infection using human hepatocyte chimeric TK-NOG mice transplanted human PBMCs.

Using this animal model, CTLA4Ig was shown to be effective in suppressing hepatitis.

- DrIEBR g S E (P AL



In a mouse model of chronic hepatitis B, a gene cluster inversely correlating with the viral
production was isolated. Of these genes, a chemokine CCL5 is suggested to contribute to the
antiviral effects via the STAT3 and NFkB pathways. Using the in vitro infection system of HBV,
novel host-derived molecules correlating with the viral cccDNA were identified as candidates for
therapeutic targets.

- FRBRF S HE (BARE—)

SAHA, a histamine secretion inhibitor, and prostratin, anti-HIV drug reduced the amount of
HBV DNA. In addition, SAHA and prostratin slightly enhanced the effect of anti-HBV drugs,
lamivudine and entecavir. These data indicated that these drugs may represent a new
therapeutic strategy against HBV.

On the other hand, we identified four genes, LIPG, HECW2, Dockll and DENND2A as
candidate genes required to maintain HBV intracellularly. In primary human hepatocytes
infected with HBV, knockdown of DOCK11 and DENND2A strongly decreased the amount of
both HBV DNA and covalently closed circular DNA to below the limit of detection. Inhibitors of
these genes may represent a new therapeutic strategy against HBV.

- FREBRFE S E OCR HER)

Three transcription factors (KDM5B, DNMT3A, NR3C1) were identified as important
regulators of HBV replication. Mir-29 played a central role for HBV replication through
regulating the expression of 3 transcription factors. Suppression of three transcription factors or
introduction of miR-29 could be a new therapeutic approach for chronic hepatitis B patients.

- FEBRFE S () 1)

In the HBsAg-transgenic mice, which are the model of human HBV carrier and deeply
tolerant to HBsAg, we observed the breakdown of the immune-tolerance: induction of the
HBsAg-specific immune responses and the inflammatory responses in the liver, by the
vaccination with HBsAg and the adjuvant named K3SPG: K type CpG-oligodeoxynucleotide
wrapped by schizophyllan (SPG). This suggests that the vaccination with HBsAg and K3SPG
could be a candidate of therapeutic vaccine for chronic hepatitis B virus infection.

- FEBRFE S L (B EERR)

Activation of immune response against HBV is essential for the clearance of cccDNA from
HBV-infected cells. By using an in vitro co-culture of HBV-transfected Huh7 (HBV-Huh7), NK
cells and dendritic cells (DC), we demonstrated the following findings.

1) NK cells suppressed HBV replication in HBV-Huh7 by producing IFN-g.

2) Plasmacytoid DC enhanced a capacity of NK cells suppressing HBV replication via granzyme
B or TRAIL, by producing IFN-o and IFN-A in the presence of HBV-Huh?7.

3) In the co-culture, IFN-a-inducible genes (ISGs), such as APOBEC3G, ISG15, IFIT1 and MxA,
were strongly expressed in HBV-Huh7. Such gene induction was reduced with treatment of
neutralizing/masking Abs against IFN-o, TRAIL or NKG2D.

4) Agonistic compound against STING, cGAMP, enhanced the expression of IFN-g and
granzyme B in NK cells in the presence of HBV-Huh?7, thereby suppressing HBV replication.

These results suggest that active interaction between NK cells and PDC is essential for

immunological HBV suppression. Further investigation is warranted to discover synthetic or

natural adjuvants for efficient augmentation of NK cells and DCs without collateral damage for



attaining functional cure of HBV infection.
- PR SBEGER B

Innate immune response to HBV was assessed by high-sensitivity transcriptome analysis
using next generation sequencing or digital color-coded barcode technology for direct
multiplexed measurement of gene expression. Type I interferon response was slightly observed
in the peripheral blood mononuclear cells from HBV patients, but neither in in vitro or ex vivo
HBV-infected hepatocytes nor in whole liver of HBV antigen-expressing model mice. We
conclude that innate immune response is absent or marginal in hepatitis B. Interestingly,
clinically available alum-based HBV vaccine induced intrahepatic Th1 rather than Th2 response
in the HBV antigen-expressing mice, suggesting that alum activates innate immune system like
TLRs by unknown mechanisms to be investigated.

- FREBRFE S HE (NHEEE)

To evaluate the genotype dependent susceptibilities to NK cell induced apoptosis, HBV
replication-competent constructs of various genotypes were transfected into HepG2 cells, and
the transfected cells were exposed to the established cell line of NK cells. The HepG2 cells
transfected with HBV genotype B strains were highly susceptible to the apoptosis induction by
NK cells, whereas cells with genotype A strains were resistant. The expression level of TNF-a
receptor mRNA was responsible for the resistance to apoptosis induction. These observations
may explain the genotype-associated establishment of persistent infection after acute hepatitis
B.

- MPRBEFESEERD B)

By using HBV protein-derived peptides that bind to HLA-A24 molecules, we detected
HBV-specific T cells in peripheral blood mononuclear cells of HBV-infected patients. We obtained
TCRs from the obtained T cells and showed that the obtained TCR induced HBV-peptide-specific
cytotoxicity by expressing them in peripheral blood T cells.

- WFFEBRFE S L3 (L FE 48 B)

In Nagasaki University, we successfully transduced HBV-specific T cell receptor (TCR) into
human PBMC, providing the lymphocytes with cytotoxic ability against HBV antigen-positive
cells. We established in vivo model that evaluates the efficacy of adoptive immunotherapy with
TCR-gene modified lymphocytes. We developed the adoptive immunotherapy with allogeneic
Ilymphocytes utilizing a novel siTCR retrovirus vector.

- FEBRFE S E (LA R )

We have produced the humanized CpG ODN adjuvant under the Good Manufacturing
Practices (GMP) and developed a novel nanoparticulate K CpG ODN wrapped by the
nonagonistic Dectin-1 ligand schizophyllan (SPG). We also proved the safety and efficacy of
these adjuvants for in vivo administration in non-human primate model.

- WFFEBR 36 53 E3E OK BB SE I BR)

We identified several HLA-24 restricted CTL epitopes based on the amino acid sequences of
HBV genotype C, which was the most frequently infected genotype in Japanese. In these
epitopes, we also identified the epitope which was associated with the serum levels of ALT or
HBV core-related antigen and the relationships between the CTL responses and the epitope

mutation. For the development of HBV-specific peptide vaccines, we examined and confirmed



the safety and immunological effects of the peptide and the combination with some adjuvants in
HLA-transgenic mice. In this study, we finally identified 2 kinds of HBV genotype C-derived
HLA-A24 restricted CTL epitopes candidate for HBV-specific peptide vaccines.
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