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Toward development of norovirus (NoV) vaccine, we developed vaccine seeds of the first generation
NoV vaccine, VLP NoV vaccines which cover all human-transmittable NoV genotypes. These VLP
vaccines are being handled by a patent license contract. Subsequently, we undertake the second
generation NoV vaccines, accompanied with establishment of recombinant human NoV and mouse
NoV(MNV) by reverse genetic technique. Because human NoV could not be propagated in vitro and
therefore their machineries to invade host cells is unclear, the mechanisms of establishing protective
immunity against NoV is essential to develop an effective NoV vaccine. Hence, we focus on a mouse
model with culturable MNV, and identified NMV receptors CD3001f, CD300ld and established MNV
receptor-gene transfectants. Furthermore, we identify MHV receptor —binding site of MHV, and
create neutralizing monoclonal antibodies, blocking virus binding to MHV receptors. Using these
tools, we are to uncover protective immune mechanisms against MHV.

Toward development of novel influenza vaccines, we have established a monitoring system of
protective humoral immunity. A humanized mouse model reconstituted with human immune cells
enables us to evaluate human secondary humoral immunity against vaccine candidates without
performing clinical trials. Using this system, we developed an immunogenicity-improved H7 vaccine
and apply for a patent. In order to develop an universal seasonal influenza vaccine, we successfully
established VLP vaccines and vaccines including a conserved virus antigen structure. An animal
model shows that the conserved antigen could induce cross-protective antibodies. Furthermore, we
test various vaccine platforms for their practical use. As for developing a novel vaccine formulation,

we develop a novel form of influenza vaccine, which consists of a recombinant influenza



hemagglutinin is combined with gold nano-particles. Furthermore, we created a nano-particle
adjuvant of gold particle adjusted with synthesized double strand RNA. Both nanoparticle vaccine
and adjuvant enhance immune response in a mouse model.

Toward development of Dengue virus vaccine, we prepared all genotypes of VLP using Expi293 cells.
These VLP vaccines could induce neutralizing anitibodies against Dengue virus using a mouse model.
Furthermore, immunization of these VLP vaccines to pregnant mice results in induction of anti-
Dengue virus antibodies in newborn mice. We further established a system for massively producing
Dengue VLP using CHO cells.

RSV infection after receiving Inactivated RSV vaccination could induce severe respiratory allergy,
and this phenomenon impede development of RSV vaccines. To overcome this problem, we
established a mouse model of allergic response for re-infection of RSV after RSV vaccination. We
found that G protein of RSV induce Gas6/Axl signaling which strongly enhance Th2 immune
responses, resulting in allergic respiratory response to RSV. We provide an evidence of molecular
level showing that removing G protein from RSV vaccine could improve safety of RSV vaccine.

In order to establish cell lines which enable to proliferate live attenuated virus, we establish a
genome editing system of iPS cells by introducing a complex of Cas9 and guide RNA. This system
bears high efficacy to introduce mutation and we do not need to any selection marker to obtain iPS
cells deleting MAVS, TMEM173(STING), and TBK1 genes, which related to natural immunity
signaling. Off-target mutation is not recognized. These iPS cells could differentiate into virus target

cells and is possible to develop seed cells for propagating live attenuated vaccines.

III. R DN ~DFER
(1) =58 - HESFIC kT omc—% (EWNEE 0 . EESE 5 1)

1. Kono N, Sun L, Toh H, Shimizu T, Xue H, Numata O, Ato M, Ohnishi K, Itamura S.
Deciphering antigen-responding antibody repertoires by using next-generation sequencing
and confirming them through antibody-gene synthesis. Biochem Biophys Res Commun. In
press.

2. Takahashi Y, Onodera T, Adachi Y, Ato M. Adaptive B-cell responses to influenza virus
infection in the lung. Viral Immunol. In press. Review.

3. Wada Y, Nithichanon A, Nobusawa E, Moise L, Martin W, Yamamoto N, Terahara K,
Hagiwara H, Odagiri T, Tashiro M, Lertmemongkolchai G, Takeyama H, De Groot A, Ato
M, Takahashi Y. A humanized mouse model identifies key amino acids for low
immunogenicity of H7N9 vaccines Sci Rep. 2017. Apr 28;7(1):1283. doi: 10.1038/s41598-017-
01372-5.

4. Nithichanon A, Gourlay L, Bancroft G, Ato M, Takahashi Y. Lertmemongkolchai G.
Boosting of post-exposure human T and B cell recall responses in vivo by Burkholderia
pseudomallei  related proteins. Immunology 2017 May;151(1):98-109.  doi:
10.1111/imm.12709.

5. Onodera T, Hosono A, Odagiri T, Tashiro M, Kaminogawa S, Okuno Y, Kurosaki T, Ato M,
Kobayashi K, Takahashi Y. Whole-virion influenza vaccine recalls an early burst of high-
affinity memory B cell response through Toll-like receptor signaling. J Immunol. 2016 May
15;196(10):4172-84. doi: 10.4049/jimmunol.1600046.



(2) %5 YURY U LEITBIT DN - RAY —HE
1. Broadly cross-reactive human memory B cells against norovirus express dual B cell antigen receptors.
FEA  Taishi Onodera, Manabu Ato, Yoshimasa Takahashi 5 45 [ H A& =i s 2016/12/7,
5[
2. Different accessibility of strain-specific versus cross-reactive BCRs to virus particles regulates site-
specific germinal center selection. 188 Yu Adachi, Manabu Ato, Yoshimasa Takahashi 5 45 [A] H
R 2016/12/7, EA.

(3) THER &R « Hiffrefiftt ) [k 2 H00 fiA
L

(4) FFaFHE
PCT/US2016/027935



(BX10)

I EAFER
E N

BRI E S

IR = ek

ATE Bk K4

(IR = Sarith )

AT Bk K4

[16fk0108317j0103]
R 294 5 H 31 H

PRk 2 8RR I E R R )&
(BB - FRUBIIE IO 5 BRI ER RS RHEENEIE) AR

(HAFE
o

(B AGE

€ ))

(A AFE

BB - P BLRGLAE | 254 2 HOHTHN 12 58 i DR FE HEEAIT JE 3 36

Research Program on Emerging and Re—emerging Infectious Diseases

B - FRBLECYYE 2 D B 28T T 7 T B d L OVERARIC
B3 20158
Development and implementation of a revolutionary vaccine of

Emerging and Re—emerging Infectious Diseases

ENLEYERFSEAT D A VA HE R =R OFumE

(&  EE) Department of Virology II, National Institute of Infectious Diseases.

Section Chief. Kazuhiko Katayama

YRk 2 841 H ~ ¥pk2943H31H

(A AFE
o

(B AGE
C



I BRROBME (BIEHFHRE)

M ENARE  ENURYYENTIERT - SRS - R - BT

ik
&
5
&2
o
i
o
R
W
=

III. AR DIME~DFEFE

(1)

1.

(2)

FaEE  MEEEICB A E (EWNEE . ERREE )
Sato J, Miki M, Kubota H, Hitomi J, Tokuda H, Takai-Todaka R and Katayama K. Effects of

disinfectants against norovirus virus-like particles predict norovirus inactivation. Microbiol
Immunol 60, 609-616, 2016.

Matsushima Y, Shimizu T, Ishikawa M, Komane A, Okabe N, Ryo A, Kimura H, Katayama K, and
Shimizu H. Complete Genome Sequence of a Recombinant GII.P16-GIl.4 Norovirus Detected in
Kawasaki City, Japan, 2016. Genome Announcements, vol. 4 (5) e¢01099-16, 2016.

Haga K, Fujimoto A, Takai-Todaka R, Miki M, Doan Y. H, Murakami K, Yokoyama M, Murata M,
Nakanishi A, and Katayama K. Functional receptor molecules CD300If and CD300ld enable murine
norovirus to internalize into host cells. Proc Natl Acad Sci U S A. Oct 11;113(41):E6248-E6255., 2016.
Kobayashi M, Matsushima Y, Motoya T, Sakon N, Shigemoto N, Okamoto-Nakagawa R, Nishimura K,
Yamashita Y, Kuroda M, Saruki N, Ryo A, Saraya T, Morita Y, Shirabe K, Ishikawa M, Takahashi T,
Shinomiya H, Okabe N, Nawasawa K, Suzuki Y, Katayama K, Kimura H. Molecular evolution of the
capsid gene in human norovirus genogroup II. Sci Rep. 2016 Jul 7;6:29400. doi: 10.1038/srep29400.
Suzuki Y, Doan H. Y., Kimura H, Shinomiya H, Shirabe K, Katayama K. Predicting genotype

compositions in norovirus seasons in Japan. Microbiol and Immunol. 60, 418-426, 2016.

R VRV U LEIIBIT A O« RAKX —RE

1. AAESEESSE 111 FPEfSEES SR UL I n AN REmDL” I a AL
OIEEEEE uAnE FR284E5 H 20 A A U —R—L (BEUER)

2. BAREME X —MERES BAGEE  aUA VAFROKERR  AILfE FERk 28 4E 6 H
10 H  SEEFERT GRAEHD)

3. Katayama K. Identification of the functional receptor for murine norovirus. Japan-Taiwan

9.

joint meeting 5-7 Sep, 2016.

Fujimoto A, Haga K, Sugimoto S, Sato T, Doan HY, Miki M, Takai-Todaka R, and Katayama K.
Cultivation of human norovirus using human duodenal enteroids. HARD A L A5F4E pk 28
410 A 23-25 H

Haga K, Fujimoto A, Doan HY, Takai-Todaka R, Miki M, Murakami K, Yokoyama M, Murata K,
Nakanishi A and Katayama K. Identification of the functional receptor for murine norovirus.
AARD A VA2 PR 28 4 10 H 23-25 H

Fujimoto A, Haga K, Sugimoto S, Sato T, Doan H.Y, Miki M, Takai-Todaka R, and Katayama
K. Cultivation of human norovirus using human duodenal enteroids. The 6 international
Calicivirus Conference, 9-13 Oct 2016.

Haga K, Fujimoto A, Doan H.Y, Takai-Todaka R, Miki M, Murakami K, Yokoyama M, Murata K,
Nakanishi A and Katayama K. Identification of the functional receptor for murine norovirus.
The 6" international Calicivirus Conference, 9-13 Oct 2016.

Katayama K. Norovirus Special Work Shop. The 5% International Society for Food and

Environmental Virology, 13-16 Sep 2016.
AIIFE 7 v oAV 2RO RHTE  BARBREM S B PRk 29 £ 2 J 24-26 A

10. Katayama K. Identification of the functional receptor for murine norovirus. Japan Tohoku



11.

12.

13.

14.

15.

16.

17.

18.

Univ. and NIH joint symposium 45 i%#E 15-17 Feb. 2017.

Soet jipto, Takako Utsumi, Maria Inge Lusida, Rury Mega Wahyuni, Zayyin Dinana, Juniastuti,
Laura Navika Yamani, Subijanto Marto Sudarmo, Alpha Fardah Athiyyah, Andi Darma, Chieko
Matsui, Lin Deng, Yen Hai Doan, Kazuhiko Katayama, and Ikuo Shoji. A preliminary survey
of norovirus infections among children in Surabaya, Indonesia. International seminar
Global Strategy to Combat Emerging Infectious Diseases in Borderless Era (GSEID). August
8-9, 2016, Surabaya, Indonesia.

Zayyin Dinana, Takako Utsumi, Rury Mega Wahuni, Laura Navika Yamani, Chieko Matsui, Lin
Deng, Maria Inge Lusida, Soetjipto, Yen Hai Doan, Kazuhiko Katayama, and Ikuo
Shoji. Occurrence of norovirus infection an asymptomatic population in Indonesia.
International seminar Global Strategy to Combat Emerging Infectious Diseases in Borderless
Era (GSEID). August 8-9, 2016, Surabaya, Indonesia

AIIFE  JEBEZE P — A T AZHOWTHEIE D EBEIAARAREEFSHRET v Fa v
I B T5 I HARARE TSRS VA28 4E 10 A 26 H

FILFE FRIE Y A VARG EHE T A LV AHE  ENCEYYENSEET AR 28 4F 11 H 10
H

FIFE 7 r oA VAEHBERO T Y Ry M~EHOMRRETHL N7/ ny AL
ADEDEE > T, HROBRERTHELTEL S~ EFREMEERHSEI T — FEAk 28
HF12H8H

Doan HY, Dennis FE, Chawla-Sarka M, Ohta N!, Ahma GE?and Katayama K. Molecular evolution
of acute gastroenteritis viruses in India, Indonesia and Ghana

J-GRID Ghana—Japan symposium Mar 13-14

Katayama K. Doan HY, Dennis FE, Chawla-Sarka M, Ohta N, Ahma GE The difference of rotavirus
profile between Japan and other countries: implications for the effectiveness of rotavirus
vaccine AMED > RT U A Wk 2943 A 16 H

AfnZ AR RPRIYERIEB PR EGRER Mo TWa Lo THabRn/ nr AL
A BATOMR LU 7 F B PR 28411 A 11 H

(3) TEREOFE - Hiffrerihittz) (O34 20 A

(4) FriFitifa



(k=1 0)
[16fk0108317j0203]
Rk 29 42 4 H 19 H

PRk 2 8RR I E R R )&
(BB - FRUBIIE IO 5 BRI ER RS RHEENEIE) AR

F ¥ 4 o (HARFE) BB BBUEYYIE 5 25 FOgan [ S 5L S PRI HEERT JE

(I  ZE) Research Program on Emerging and Re—emerging Infectious Diseases

BV ERES - (BAGE) Hril - FBUERYYE | ZxHT 2 B8 i T 7 F U Bs s KOS I
ERRAYi
(% F&) Translational research and development of innovative vaccines

against emerging and re—emerging infections

FHIE S S (AAGE) B[P 7
prle &0k K4 0 (38 FB) Manabu Ato

£ fm # M Fk28#F4H1H ~ FRk2943H31H

SrHMSEERES 0 (HARRE) MERIMEZUE LI HIN9 U 7 5 O B%

(I&  §B) Development of H7N9 vaccine with improved immunogenicity

B SR (AAGFE) &fF B
Frie ik K4 @ (3% 3E) Yoshimasa Takahashi

II. FRROHME (RFEHFEHE)
BN FHEREKAE « [ESLEBYENTIERT - i - = 2 AT FE R S 2 2 R,

III. ERRDIME~DFEFR
(1) =58 - MEEFICR T 2 —% (EWNGRE 3. EHEGEE 2 1)
1) WADA Y, NITHICHANON A, NOBUSAWA E, MOUISE L, MARTIN WD, TERAHARA T,
HAGIWARA H, TAKEYAMA H, DE GROOT AS, ATO M, TAKAHASHI Y. A humanized mouse

model identifies key amino acids in H7 hemagglutinin that lower the immunogenicity of H7N9

influenza vaccines. Scientific Rep. in press

2) EBEEE A TNV T AN AOREERTT S B A ORISR B E
2016, 46, 2-9.

3) EEEE JREGEICET DR MEER e B MIRLEIGE  ERRRE - T LY —F

2016, 66, 283-288.

X

(2) 8- VURY T LEITRIT DN - RAX —J5FH



1. Different accessibility of strain-specific versus cross-reactive BCRs to virus particles regulates
site-specific germinal center selection. 188 Yu Adachi, Manabu Ato, Yoshimasa Takahashi
45 [n] H RS AR ® 2016/12/7,  [EN.

2. Follicular helper NKT cells induce protective effect of a protein-based pneumococcal vaccine through
stimulation of IgG production by B cells. M58 Makiko Nakahara, Shogo Takatsuka, Keigo Ueno,
Taishi Onodera, Yoshimasa Takahashi, Kazuyoshi Kawakami, Masato Kubo, Yuki Kinjo % 45 [F] H
R PaRa 2016/12/7, EA.

(3) THEIREOFE - Heffietihittz) (O34 20 A

(4) FrarHiE
PCT/US2016/027935



(BX10)

I EARER

E N

B HEEEAES

IR = ek

P ik KA

ES TR

STRRTERRE A

IR =S5 Ry

P ik KA

[16fk0108317j0303]
Rk 2 9% 5H 3 1H

YRR 2 8 4RSI JERR R BB &
(B - BRBMEIC AT 5 EFNERR SR BEREFS) REWEE

(AAEE) Hrit - P BURGUIE (564 2 ST I S on 55 B e HE I FE 9 2

(3%  FE) Research Program on Emerging and Re—emerging Infectious Diseases

(AARGE) #ril - FREIME KT 2EEM R Y 7 F o s LOERICET 0%
(¥ &) Translational research and development of innovative vaccines

against emerging and re—emerging infections

(HAH) BB S S
(¥ FB) Department of Pathology, Chief, Tadaki Suzuki

PRk 2 844 H1H ~ FR2943H31H

(B AGE
C

(A AFE
Ca

10



I BRROBME (BIEHFHRE)
B FEHNRE « _ESIRGIENTTERT - SIEES - PSS R 2 S

III. AR DIME~DFEFE

(1)

1.

(2) %

FRE - HESF ISR D% (EIPGEE 3 fF. [EERES 6 1)

Kawaguchi A, Suzuki T*, Ohara Y, Takahashi K, Sato Y, Ainai A, Nagata N, Tashiro M,
Hasegawa H. Impacts of allergic airway inflammation on lung pathology in a mouse
model of influenza A virus infection. PLoS One. 2017 Feb 28;12(2):e0173008.
*Corresponding author

Tamura S, Ainai A, Suzuki T, Kurata T, Hasegawa H. Intranasal Inactivated Influenza
Vaccines: a Reasonable Approach to Improve the Efficacy of Influenza Vaccine? Jpn J
Infect Dis. 2016;69(3):165-79.

Kobayashi S, Suzuki T, Kawaguchi A, Phongphaew W, Yoshii K, Iwano T, Harada A,
Kariwa H, Orba Y, Sawa H. Rab8b Regulates Transport of West Nile Virus Particles from
Recycling Endosomes. J Biol Chem. 2016 Mar 18;291(12):6559-68.

Saito S, Ainai A, Suzuki T, Harada N, Ami Y, Yuki Y, Takeyama H, Kiyono H, Tsukada H,
Hasegawa H. The effect of mucoadhesive excipient on the nasal retention time of and the
antibody responses induced by an intranasal influenza vaccine. Vaccine. 2016 Feb
24;34(9):1201-7.

SRR, FANE, BRI RBRGYEICS T 2R T 7 F o DR LY 7 F
BHFE. NAH v —T L 28(4):6-12, 2016

AR, BAIHME BRI A TN T I T K DR b R A R, FEER
=% 34(13): 2151-2156, 2016

C VURV Y LNFEIIRBIT DA - RRAZ—FER
§%7!< fisyi) *&iﬂ%Uﬂ%/fﬁﬁéhé P TgA HURD L B ifEIE L BREORIT 55 20
IEIEIZI-(U??/%?::?WT%% (L) 2016.10.
Akira Ainai, Yoshihiko Terauchi, Tadaki Suzuki, Shinji Saito, Kaori Sano, Koshiro
Tabata, Makoto Fujii, Shin-ichi Tamura, Takato Odagiri, Masato Tashiro, Hideki

Hasegawa. Influence of nasal washing upon the induction of neutralizing antibody

responses by intranasal vaccination against influenza. %5 64 [B] B A& 7 A L A S22 HES
(FLI#Z) 2016.10.

(3) THE & ORF - BAlahitta ) (2842 0

(4) FFFrHE

11



(k=1 0)
[16£k0108317j0403]

Rk 2 9% 5H 3 1H

VAL 2 8 FEERIT IR R H R M€
(BT - FRUBIEIC AT 5 BHE RS SRR T ) AR S

F ¥ 4 o (HARFE) B BBUEYYIE 5 25 FOgan [ S 5L PR HEEDT 7

(I 3E) Research Program on Emerging and Re—emerging Infectious Diseases

MBS ERRES © (AAGE) B - FEURGUE A4 2 BIHIR R8T D 7 F V BidE R L OEAMICRE
2 hkge

(¥ 3E) Translational research and development of innovative vaccines

against emerging and re—emerging infections

FHBL S Y 3 (AAGFE) JRIFURYT ) DENTAFIEE v 2 — « TAERFSEE - TN FRIE
e &k K4 (I EE) Pathogen Genomics Center, Senior Researcher, Takamasa Takeuchi

£ fm # M Fk28HFE4H1IH ~ FRk2943H31H

SRR S - (HAEE
C

MRS HE (BAGE
priE ek K4 (G G

12



I BRROBME (BIEHFHRE)
- MBS L S WM OREE

M RENRE  ENURIYENIIERT - R - BIF % RIEOREE 2 2

III. RO ~DFEFE

(1) 22k - M BT D —% (EWNEE . ERREE
1. 2L

(2) %8 vrRU Y LEITHBT B A - RAX TR
1. &L

(3) THER &R « Hifrefiitt ) Sk 2 H00 fiA
1. 2L

(4) FriFtifR
mL

)

13



(e 4)
[16£k0108317h0503]
WRE 29455 A 26 A

YRk 2 8 S EFEH R O RR B E E

I EAER
FOX 4 o (AAGE) BBl - HRURYYIEIT A3 5 BRI E S S P R HE AT JE S 3

(# &) Research Program on Emerging and Re—emerging Infectious Diseases

» FRBURGYIE (269 2 MR 2208 Bl D 7 F 2 B gE B K OMEMMRIC B

iﬁ_
\
/

WroEbAsERRE S 0 (BAEE
L5
(£ FB) Translational research and development of innovative vaccines against

emerging and re—emerging infections

WFFEBHSEHH 2 & (AAGE) RFBREAFRIRG SR dedde A A
e &k K4 (3% FE) Norio Yamamoto, Associate Professor, Department of Infection Control

Science, Graduate School of Medicine

£ ofE # M PR 28F4A1H ~ FEK2943 H 31 H

gy #OBF %8 (BAGE
P2 Ak 4 O 3R

WHIERsE A (RAGHE
e ek K40 (G &R

I FROME (RIEHERE)
WHIERR IR« _ [ESIRGYENTIERT - S0 ER - Bl S It = 2,

III. R DI~ DFEE
(1) e - HEEEIcB T 2 —% (ENGE k. EESES 2 140

1. Fudo S, Yamamoto N, Nukaga M, Odagiri T, Tashiro M, Hoshino T. Two Distinctive Binding
Modes of Endonuclease Inhibitors to the N-Terminal Region of Influenza Virus Polymerase
Acidic Subunit. Biochemistry. 2016, 55, 2646-60

2. Wada Y, Nithichanon A, Nobusawa E, Moise L, Martin WD, Yamamoto N, Terahara K,
Hagiwara H, Odagiri T, Tashiro M, Lertmemongkolchai G, Takeyama H, Groot AS, Ato M,
Takahashi Y. A humanized mouse model identifies key amino acids for low immunogenicity
of H7N9 vaccines. Scientific Reports. 2017, 7,1283

14



(2) = YURVULFEIRT DA« RAX —5#

1. CpG-ODN G9.1 fFHfkEA > 7 H VLP U 7 F o OFNEICET 25, 0uE, [iAMA,
SATE B, BRANIHE, BUE—, SHRERT, IIARZRE, B ARR, W5, 5 20 BIRA
U 7 F ot iiE R, 2016 4 10 A, [EN

2. HHKET 2230 & LTOD CpG-ODN G9.1 D& A 7 Nx U FU 7 F o ~DISH, B,
B, SLAE B, AR, ERREENCT, RANFEME, ATLIE—, BHRE T, ILARZRE, f#
FEHEARER, /NHBIZEN, 25 20 [Bl A ARY 7 F 20524454, 2016 4 10 A, EN

3. Effectiveness of A Novel Nasal Influenza Vaccine Consist of HA VLP and CpG-ODN G9.1, HEH,
Hideki Asanuma, Koichiro Tateishi, Hideki Hasegawa, Junichi Maeyama, Sumiko Tho, Saburo Yamamoto,

Kohtaro Fujihashi, Norio Yamamoto, 55 45 [A] H Ao 2 2ili4E 2, 2016 4F 12 H, [EN

(3) TEERE DR « Hfrdahittz ) (x4 20 A

(4) HrHiRgR

15



