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Chronic hepatitis C caused by infection with the hepatitis C virus (HCV) is a global health problem. To
investigate potential vaccine and therapeutic strategies against this disease, we generated immunocompetent

mice expressing HCV structural proteins using the Cre/loxP switching system. The HCV core protein was



expressed consistently in the livers of these mice following polyinosinic acid—polycytidylic acid injection, and
the animals displayed chronic hepatitis C-related pathological features, liver fibrosis, and hepatocellular
carcinoma. We examined the therapeutic effects of a recombinant vaccinia virus (rVV) encoding HCV protein
in a mouse model. We showed recombinant vaccinia viruses expressing HCV nonstructural protein (rVV-N25)
could protect against the progression of chronic hepatitis by suppression of macrophage activation. Macrophages
in liver tissue are widely defined as important inflammatory cells in chronic viral hepatitis due to their pro-
inflammatory activity. We focused on the role of macrophages for liver disease progression in the HCV
transgenic mice and examined characteristic features of macrophages following rVV-N25 treatment.

We generated immunocompetent mice expressing HCV structural proteins through the Cre/loxP switching
system and established various attenuated rVV strains. We assessed the effect on the function of macrophages
in the liver of a candidate therapeutic HCV vaccine, recombinant vaccinia virus expressing HCV proteins (rV V-
N25), which encoded nonstructural HCV proteins. Immunization with rVV-N25 suppressed serum inflammatory
cytokine levels and alleviated the symptoms of pathological chronic hepatitis C within 7 days after injection.

Immunization with one of the rVV strains encoding nonstructural proteins (rVV-N25) suppressed serum
inflammatory cytokine levels and improved pathological chronic hepatitis C features at 7 days after injection.
Furthermore, HCV protein levels in liver tissue also decreased in a CD4 and CD8 T-cell-dependent manner.
Consistent with this result, we showed that rVV-N25 immunization induced robust HCV nonstructural protein
2-specific CD8 T-cell immune response. The number of CD11b*F4/80*CD11¢"CD206" (M2) macrophages in
the liver of HCV transgenic mice was notably increased compared to that of age-matched control mice. These
M2 macrophages in the liver produced elevated levels of IL-6 and TNF-]. rVV-N25 infection suppressed the
number and activation of M2 macrophages in liver tissue. These results suggested that inflammatory cytokines
produced by M2-like macrophages contribute to the induction of chronic liver inflammation in HCV transgenic
mice. Collectively, we showed that the therapeutic effect of rVV-N25 results from suppression of the number

and activation of hepatic macrophages.

I BROIE~DFEEK
(1) %R0 - MEEFICB T 2 —% (EWNEE 0fF EEGE 271F)
1. Mohammad Enamul Hoque Kayesha, Sayeh Ezzikouric, Haiying Chib, Takahiro Sanada, Naoki Yamamoto,
Bouchra Kitabb, Takumi Haraguchib, Rika Matsuyama, Chiméne Nze, Nkoguea, Hitoshi Hatai, Noriaki

Miyoshi, Shuko Murakami, Yasuhito Tanaka, Jun-ichiro, Takano, Yumiko Shiogama, Yasuhiro Yasutomi,

Michinori Kohara, and Kyoko Tsukiyama-Kohara. Interferon-/ | response is impaired by hepatitis B virus

infection in Tupaia belangeri. Virus Research 2017, 237, 47-57

2. Funami, K., H. Oshiumi, M. Shingai, M. Matsumoto, and T. Seya. Functional interfaces between TICAM-
2/TRAM and TICAM-1/TRIF in TLR4 signaling. Biochem Soc Transac. 2017, (in press).

3. Kayesh MEH, Kitab B, Sanada T, Hayasaka D, Morita K, Kohara M, Tsukiyama-Kohara K. Susceptibility

and initial immune response of Tupaia belangeri cells to dengue virus infection. Infect Genet Evol. 2017,
S1567-1348(17), 30116-8.
4.  Yuko Tokunaga, Yosuke Osawa, Takahiro Ohtsuki, Yukiko Hayashi, Kenzaburo Yamaji, Daisuke Yamane,

Mitsuko Hara, Keisuke Munekata, Kyoko Tsukiyama-Kohara, Tsunekazu Hishima, Soichi Kojima,

Kiminori Kimura, and Michinori Kohara. Selective inhibitor of Wnt/b-catenin/CBP signaling ameliorates

hepatitis C virus-induced liver fibrosis in mouse model. Scientific Reports 2017, 7(1):325.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Takaki, H., H. Oshiumi, M. Shingai, M. Matsumoto, and T. Seya. Development of mouse models for
analysis of human virus infections. Microbiol Immunol. 2017, 61: 107-113.

Shime, H., M. Matsumoto, and T. Seya. Double-stranded RNA promotes CTL-independent tumor

cytolysis supported by CD11b*Ly6G™ intratumor myeloid cells through the TICAM-1 signaling pathway.
Cell Death Differ. 2017. 24: 385-396.

Azuma, M., Y. Takeda, H. Nakajima, H. Sugiyama, T. Ebihara, H. Oshiumi. M. Matsumoto, and T. Seya.
Biphasic function of TLR3 adjuvant on tumor and spleen dendritic cells promotes tumor T cell infiltration
and regression in a vaccine therapy. Oncoimmunol. 2016. 5: e1188244.

Tatematsu, M., R. Yoshida, Y. Morioka, A. Watanabe, K. Saeki, T. Seya, and M. Matsumoto. Raftlin
controls LPS-induced TLR4 internalization and TICAM-1-dependent signalling. J Immunol. 2016. 196(9):
3865-3876.

Funami, K., M. Matsumoto, M. Tatematsu, C. Obuse, and T. Seya. 14-3-3-zeta participates in TLR3-
mediated TICAM-1 signal-platform formation. Molec Immunol. 2016. 73: 60-68.

Yoshida, S. H. Shime, K. Funami, H. Takaki, M. Matsumoto, Tomiyama, Ishida, M. Kasahara, and T. Seya.
Immunostimulatory function of ergothioneine in Tamogi mashroom. PLoS ONE. 2016. 12: €0169360.
Takeda, Y., M. Azuma, M. Matsumoto, T. Seya. Tumor killing efficacy coincides with CD11c up-regulation
in antigen-specific CD8" T cells during Poly(I:C) vaccine immunotherapy. J Exp Clin Cancer Res. 2016.
35:143.

Leong, C. R., H. Oshiumi, M. , M. G. Deng, M. Okamoto, H. Takaki, M. Matsumoto, and T. Seya. ISG20
inhibits HBV replication by degrading RNA of HBV origin. Oncotarget. 2016. 7: 68179-68193.

Takaki, H., H. Sato, S. Kure, H. Oshiumi, M. Matsumoto, R. Kurata, H. Hikono, T. Saito, and_T. Seya.
Cytokine response to eye drop adjuvants in chicken. Microbiol Immunol. 2016. 60: 511-515.

Takashima, K., Y. Takeda, H. Oshiumi, H. Shime, M. Okabe, M. Ikawa, M. Matsumoto, and T. Seya.
STING in tumor and host cells cooperatively work for NK cell-mediated tumor growth retardation.
Biochem Biophys Res Commun. 2016. 478: 1764-1771.

EZZIKOURI S, JADID FZ, HAMDI S, WAKRIM L, TSUKIYAMA-KOHARA K, BENJELLOUN S.

Supplementing conventional treatment with Pycnogenol® may improve hepatitis C Virus-associated type
2 diabetes: A Mini review. Journal of Clin. Transl. Hepatol. 2016, 4(3), 228-33.

Okamura T., Tsujimura Y., Soma S., Takahashi I., Matsuo K., Yasutomi Y. Simian immunodeficiency virus
SIVmac239 infection and simian human immunodeficiency virus SHIV89.6P infection result in
progression to AIDS in cynomolgus macaques from Asian country origin. J General Virol 97;3413-
3426,2016

Uchihara T., Endo K., Kondo H., Okabayashi S., Shimozawa N., Yasutomi Y., Adachi E., Kimura N. Tau
pathology in aged cynomolgus monkeys is progressive suranuclear palsy/corticobasal degeneration - but
not Alzheimer disese -like-ultrastructural mapping of tau by EDX-. Acta Neiropathologica Commun. 2016
4;118-126,2016

Kobayashi M., Koyama T., Yasutomi Y., Sankai T. Male mate choice among captive long-tailed macaques
(Macaca fascicularis) Int J Comp Physiol in press

Kimura N, Samura E, Suzuki K, Okabayashi S, Shimozawa N, Yasutomi Y. Dynein Dysfunction
Reproduces Age-Dependent Retromer Deficiency: Concomitant Disruption of Retrograde Trafficking Is
Required for Alteration in f-Amyloid Precursor Protein Metabolism. Am J Pathol 186:1952-1966, 2016.

Tajiri K., Yasutomi Y., Aonuma K. Recent advances in the management of autoimmune myocarditis:

4



21.

22.

23.

24.

25.

26.

27.

insights from animal studies. Curr Pharm Des. 2016:22;427-439
Suzuki S., Mori KI., Higashino A., Iwasaki Y., Yasutomi Y, Maki N., Akari H. Persistent replication of a

hepatitis C virus genotype 1b-based chimeric clone carrying E1, E2 and p6 regions from GB virus in a
Neew World monkey. Midrobiol Immunol. 2016:60;26-34.

Yasuyo Fujishiro, Hiroshi Koie, H.Shibata, Sachi Okabayashi, Yuko Katakai, Chieko Ohno, Kiichi
Kanayama, Y.Yasutomi, N.Ageyama. Tracking cells implanted into cynomolgus monkeys (Macaca

fascicularis) using MRI. Exp Anim. 2016 Jul 29;65(3):311-8.

Tsujimura Y., Yasutomi Y. Allergy vaccines using Mycobacterium secreted antigen and I1L-4 antagonist.
Methods Mol. Biol. 2016;1403:723-738.

Takahisa Kouwaki, Yoshimi Fukushima, Takuji Daito, Takahiro Sanada, Naoki Yamamoto, Edin J.
Mifsud, Chean Ring Leong, Kyoko Tsukiyama-Kohara, Michinori Kohara, Misako Matsumoto, Tsukasa

Seya and Hiroyuki Oshiumi. Extracellular vesicles including exosomes regulate innate immune responses
to hepatitis B virus infection. Front. Immunol. 2016, 7, 335.

Rebbani K, Kyoko Tsukiyama-Kohara. HCV-Induced Oxidative Stress:Battlefield-Winning Strategy.
Oxid Med Cell Longev. 2016, 2016, 7425628.

Takahisa Kouwaki, Yoshimi Fukushima, Takuji Daito, Takahiro Sanada, Naoki Yamamoto, Edin J.
Mifsud, Chean Ring Leong, Kyoko Tsukiyama-Kohara, Michinori Kohara, Misako Matsumoto, Tsukasa

Seya and Hiroyuki Oshiumi. Molecular epidemiological study of adenovirus infecting western lowland
gorillas and humans in and around Moukalaba-Doudou National Park (Gabon). Virus Genes. 2016, 52(5),
671-8.

Chi Hai-Ying, Kiori Nagano, Sayeh Ezzikouri, Chiho Yamaguchi, Mohammad Enamul Hoque Kayesh,
Khadija Rebbani, Bouchra Kitab, Hirohumi Nakano, Hiroyuki Kouji, Michinori Kohara, and Kyoko

Tsukiyama-Kohara. Establishment of an intermittent cold stress model using Tupaia belangeri and

evaluation of compound C737 targeting neuron-restrictive silencer factor. Exp Anim. 2016, 65(3), 285-

92.

(2) %2« YURTYLFIRIT D00 « RAZ—HE

1.

Y SA IR A N U AET LV ORINLE NRSF #5E1) & L7z C737 k&4 O FAf

NUE, #higse, KEAHE. (U078, Kayesh, MEH., Khadija, R., Bouchra, K., FEE3C, /)
BEOLT. /DEGEE, MR GRILD) A5, %6 3 HAEREYFERE 2016/5/18, [EN
BT A N A YR EY) Tupaia belangeri DB, HEA, /NEIS . BEHER. ANFUETE,
1 2EAEIET 7Y = AT T A 2016/6/25, [EN

Susceptibility of tupaia cells to dengue virus infection and their initial immune response. M8H, Kitab,
B., Kayesh, MEH, Sanada, T., Hayasaka, D., Morita, K., Kohara, M., Tsukiyama-Kohara, K. % 5 3 [A]
HA D A VAR TN R, 2016/9/2, [EN

Pathogenesis and Immuno-therapy of Hepatitis C virus Infection. [18H, Tsukiyama-Kohara, K., Sekiguchi,

S., Kimura, K., Ohtsuki, T., Tokunaga, Y., Kohara, M. 10" Vaccine Congress, 2016/9/7, [E%}

Innate Antiviral Immune Responses to Hepatitis B Virus in Tupaia belangeri. 7~ A % — . Kayesh, MEH,
Sanada, T., Yamamoto, N., Kohara, M., Tsukiyama-Kohara, K. HBV2016, 2016/9/21. [E4}

Transcriptome profiling reveals quick immune response in the early stage of HBV infection in Tupaia
belangeri. 7R A% —, Sanada, T., Tsukiyama-Kohara, K., Yamamoto, N., Kohara, M. HBV2016,
2016/9/21, [#E4h




10.

11.

12.

13.

14.

15.

16.

17.

18.

Serum DHCR24 auto-antibody as a new biomarker for prognosis of hepatitis C. 8, Ezzikouri, S.,
Kimura, K., Kaneko, S., Kohara, M., Tsukiyama-Kohara, K. 2 75 EllZ A4S 2016/10/7, [EWN

Hepatitis C virus replication requires ribonucleotide reductase M2 to stabilize NS5B protein. 185, Kitab,

B., Satoh, M., Sudoh, M., Kohara, M., Tsukiyama-Kohara, K. HCV2016, 2016/10/12, [EHN

Innate Antiviral Immune Responses to Hepatitis Viruses in Tupaia belangeri. 7~ A % —_ Kayesh, MEH,
Ezzikouri, S., Chi, H., Sanada, T., Yamamoto N., Kitab, B., Matuu, A., Hatai, H., Miyoshi, N., Kohara, M.,
Tsukiyama-Kohara, K. HCV2016, 2016/10/12. EMHN

Innate immune response to Hepatitis C virus or Hepatitis B virus in Tupaia belangeri Liver or PBL. H
§H, Kayesh, MEH, Ezzikouri, S., Chi, H., Miyoshi, N., Sanada, T., Yamamoto, N., Matsuu, A., Horie,
M., Kohara, M, Tsukiyama-Kohara, K. 25648 A AS 7 A /L A 2200854 2016/10/23. [EN
BRUFSE &7 A VA (HBV) 4317 m— 2 % AT HBVRRGEER YL Y /A BT )V DRfENE, KA X —,
ml EM S AT S RS - R ER - AN JEE - (RE R, H64R1H
KA VAL 2016/10/23~2016/10/25, [EA.

BRI ET L T84 ) OBRFE. DE ) ADNEAST % 39 [BIuNEEREMbT
Jekess 2016/10/29, EHWN

HF9R T A VA DFFIENE LIRREE T /L, A (FEFREEE) RIS T-. 3 12 RIERBEERSET +—
7 . 2016/11/18, EHW

VS AR A b L AET VORI & NRSF 2451 & Uiz CT3T/LE M O, AR A & —
whEse, KB, 1L 0 TRE, Kayesh, MEH,, Khadija, R., Bouchra, K., H8#E3C, /NEHLTT,
NEGEEH, DR CGEIL) 81 5 39 I A AS FAEMYRFER 2016/12/2, [EN

A T NT T A NV RERAEIG M 2R ~~ TNV TF = R AR R BRI T T R, KR A
—. B, ZHSUZ, BT, RERE, NBE, DNEIRTF, OO, BRI, R
NGB 5 39 B A A FAEM SRS 2016/12/2, [EH

RERE MV 7 FrOBRE KRR T L 2016412 H 1T H KR

FRURGL €7 v [V 51 ] OFI%E, D (AR MRS F 2l EIRERERYYE
O DD RNy L 2017/1/23, EN

REHEZ: Novel TB Vaccine T2 ART DA i 6 [BIEMEREEZMEE R T HHEA FIT RS 2017 4F
3H22-25 H AR

/i

(3) TEERE DR « Hfrdahittz ) (x4 20 A

1.

e L

(4) Frafii

AL



(k=1 0)
[16£k0210108j0101]
Rk 2 9% 5H 3 1H

YK 2 8 fFEERMT IR B EF R MBI &
(FREFRBE SR FETER) RAREE

X 4 (AKEE) WREIREE R IEE

(I FE) Program for Basic and Clinical Research on Hepatitis

MBS 0 (AARGE) CHUFRUA NV APEREZ BIE L=V 7 F U B3ICBT D098
(I #B) Development of novel therapeutic vaccine for chronic hepatitis C

virus disease

FHIE S S (AAFE) ENLRYYEMIIERAT UANVAE 5 FEMRE SR i
ArlE ik K4 . (e R Ryosuke Suzuki, Ph. D.Senior Researcher
Department of Virology II

National Institute of Infectious Diseases
E oM O R FEk28F4H1H ~ V294 3H31H

SRR S - (HAEE
C

MRS HE (BAGE
priE ek K4 (G G

II. RROBME (BEHFHRS)
MBEREARE  _OEFREVITET B ey = b Tade s b ) —F—
NEGEIE RIS 2 S,

III. AR DIME~DFEFE
(1) &% - HEEFIck T 23— 5 (ENE i, [EERES )

(2) %5 VURVULEICBIT L NE - RAX—HEK

(3) TEREOFE - Heffrerihittz) (O34 20 A

(4) FriFtifa



