(A4 )

I EAER
E

WFFERAJE RS

WFFERASEH 4 &

ATl ek K4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

[16£k0108318h0003]
TRk 2 945 H 1 9H

YRk 2 8 £ EFE ML B % KR - E E

(AAGE) Hrit « R BURGSIE (69 2 ST A = 3K i S5 B SR HEEE DT FE o 56

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

(AAGE) LA EA AT Z 2 & AED R SF-10 72 a8y MI L oA &~
TN« RSV LB S R

(¥ EE) Induction of protective immunity against influenza virus and RSV
infection by efficacy and safety mucosal adjuvant SF-10 for

infants and children

(AARGEE) (EERFImMBEE 90T, FTEdR, AP fl
(& #&) Institute for Enzyme Research, Tokushima University, Specially-
appointed professor, Hiroshi Kido

V26447 1H ~ F¥pk2943H31H

(BAGE) SF-10 7 ¥ a x> o ek, #iE TROBRE. MRk

(3£ #E) Optimization of pharmaceutical process of SF-10 adjuvant and

development of dried SF-10 powder

(RAHE) ERREEMRERAITT, BHES. M6 B
(£ FB&) Institute for Enzyme Research, Tokushima University, Specially—

appointed assistant professor, Etsuhisa Takahashi

(BAEE) SF-10 7=\ bR DT

(F&  EE) Mechanisms of action of SF-10 adjuvant

(AAGE) e RFPIImERFIIER. FilitRE, & E2
(& #&) Institute for Enzyme Research, Tokushima University, Specially-

appointed researcher, Hyejin Kim

(BAEE) SF-10 7=\ bR O fhT



P & PR OB 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy HOBF %R

P & R & 4

WHFERASE S A

ATl ek K4

(F& EE) Mechanisms of action of SF-10 adjuvant
(AAGE) (EERFIMBERE 0T, Flifst e, A& HL
(& #&) Institute for Enzyme Research, Tokushima University, Specially-

appointed researcher, Takashi Kimoto

(HAGEE) SF-10 7V a U MRV, A 7 VT Py AN AFURE SF-10 7Y
a2/ MES R AL DO RGeS
(F& EE) Studies on the stability test of mucosal adjuvant SF-10, and

optimization of influenza virus antigen—SF-10 complex formation

(BAGE) dLBHFE =T s F oSt BT E, =ik 1%
(= F&) Kitasato Daiichi Sankyo Vaccine Co., LTD, Associate Director,

Atsushi Endo

(HAGE) SF-10 7V a U MOREMEMFIE, A2 7 VT Py AV AFURE SF-10 7Y
a2/ MES IR AL DO RGeS
(F& EE) Studies on the stability test of mucosal adjuvant SF-10, and

optimization of influenza virus antigen—SF-10 complex formation

(BAGE) dLHFE =T s F ot EMEE. Bl &k
(Z &) Kitasato Daiichi Sankyo Vaccine Co., LTD, Researcher, Kaori

Shinoda

(BAGE) RS UANAHURE SF-10 7V 2/ MEA RO Sl LD RRE
(F& FE) Studies on optimization of RSV-SF-10 complex formation
(AARGE) ALBRE =30 s F oAtk BIFEEEE. HE il

(Z FB) Kitasato Daiichi Sankyo Vaccine Co., LTD, Associate Senior

Researcher, kazue Inoue

(AAGE) HA-SF-107 2 23 b D4t
(3 FB) Studies on the safety of SF-10 adjuvant

(BAGE) ALHFE =0 s F oAt EEEa. TR fog
(# &) Kitasato Daiichi Sankyo Vaccine Co., LTD, Chief Researcher,

Kazuhiro Shimomura



II. BROBIE (BETTERE)

KFEEEZ, SEHABE, &ES . ARELIFRE (EERKFIeuniERFe) L mpsE, EH
k. JFERE, AR, g (ERE —-=Hu s FUosAath) K37 n Y7 b F—LE1E
O, EERERRB LIMiY—7 727 % baiEl U AR T =Nk SF-10 OB R
PE, ZeabE, (R ICBET DAY 2 3206 U 7o, AERASY DA FRIGPEIC RS < BRI 7RI T &0 2 X
~ OFEFITHFRY) T, BNSER R BWEHOR N2 L 2R E s T 5,

2L F ORNTA 7N U PEGE O ENE | BETPRIIROBANREY 7 F B3
DI B IR < RO BTV D NRER W, FEEKRFTIE, RETIER S EBERE ORI L L
TREHESNTE MY —7 7 7 & 0 MERBGENC o 2 ABEME & U OB Z 55 S M 4
AL, Iz 2eEomn N TAEKIY—7 7 7 Z2 k SF-10 7 23 N OBIFRITRKE)
Lz, K7 avxs hTOREHRIERIEE LT, LTO5HEZ7RT,

1) SF-10 IR ERBERA L 7NV FU 7 F U0k, MK 1g6. KK [gA LA ZFHE L, BHIGE A
Y PHEERENT.: AV TNV RT Yy NHAUZFUPRIC, ANLAKMiVy—>7 727 %2 b
(SSF) & HE¥EHID carboxyvinyl polymer (CVP) Z¥RHN L 7= SF-10 7 ¥ /N 2SI L T, &R
(3[E) 952 &T, CEAIIE N v T LV DR OFIA 7V Tgh ik & iR 1g6 fi
K, TNETNDT A NVAFFREEEZHER LTI, B =7 A P /L~D HA+SF-10 OFR EBEFEFERR 1L, 1L
% TgG, R TgA HUIR & PAIEMFFEIZ BT, 9 7 ARIZ 1 R EEFET 57200 T, MRl 3 [H1#
FELIZZRFEO T A NV AFFEVEFHE 2 MR L T, BRHIGE AT ) BRI,

2) SF-10 IXHURIRTHIA TR 7 v 2R F LY F—va U EHE L, RIEREHER L i,
fatk g 3 U7z @ SF-10 & SSF (PR LAY - AfafEEE T AR (CTL) PEAE Z 48R L, 77 >~
PA LT RN =V AT NVEEREE, 4 —7 v MIBOEEEZ SR LTz, FHEhRIL. Mg
CTL FHELISMT SR & il U o /REfi oD CTL B2 8 L7z, S BT, M mEND 6 7 A%IZBW
T effector memory & central memory DOEH] CTL X £V NER Tx7-,

3) AHRET N~ AT, SF-10 WIREEREA LV IV U7 F o ORYEHHEEZ R LT
FLIRHI O~ 7 AT HA-SF-10 285/ A#H 5 Lz L 2 A, HA PURIERIRAIC R B IS S0E R R

fa & EEE ARG LT E 0 GA F AL, RO TRV RB R 8 A 5 S 2 2 & 2R L

7o PUARTHEREIE OB TlX, BREBERED SF-10 A > 7V HA U 7 F o2 kD Efekk
BED AT T RH ORI (K&, . HEE) CTHARRD [gA BRELEICHWINTND D
&I LT,

4) SF-10 7V a2y FOREMORERE (RFE, RIMBIT) : SRR o P& LTHD
NTWEHaLImBEBY Ty "ABREERIC L > TREMA~BITL., RINSREREE L 24
ZENHEINTND, %%@ﬁ%y7wmyﬁﬁﬁks&m7ynﬂyb®%%%@@%é\W
FORMBATIIRO T, RMEEEEL ISR Z L0l 2 & DR S L7,

5) FUR DO ALK « HERAIRINOWAIE SF-10 R&EBEFEA > 7 V2 U 7 F Do v iz, SSF
W ARIEANZ BN L7 SF-11 OBRFEIZAH LT, Fo, SR FmmEtERA v 7 vz o s F v
X LT SF-10 @D THZI Th D Z LM s ST, SBIBERIED / n oA VA nH Yy
ANZ, RIFTANVAT T FUo~DIEHR, BT LAxF—0 7 Fo~OISH < Hiff S
%o Flo. RBERBYYETIE, RRUANLAFEAETH SF-10 DT Va0 MR AEHE LTV,



Prof. Hiroshi Kido, assistant Prof. Etsuhisa Takahashi, researchers Hyejin Kim and Takashi Kimoto at The
Institute for Enzyme Research, Tokushima University and researchers, Atsushi Endo, Kaori Shinoda, Kazue
Inoue, and Kazuhiro Shimomura at Kitasato Daiichi Sankyo Vaccine Co., LTD made a project team and aimed
to study on induction of protective immunity against influenza virus and RSV infection by using an efficacy and
safety mucosal adjuvant SF-10 for infants and children.

The currently available influenza vaccines administered subcutaneously induce a serum IgG-mediated protection.
However, this neither results in adequate induction of anti-viral IgA, which provides a wide cross-protection, nor
cell-mediated responses. In addition, no vaccine is available at present for individuals aged <2 years old who show
high frequency of morbidity and mortality. To overcome these issues, we recently found that pulmonary surfactant
and its commercially-available product, Surfacten®, which has been used as a natural replacement medicine in
premature babies for a long time without significant adverse effects, show safety and efficacy mucosal adjuvanticities
by promoting antigen delivery to antigen presenting cells. The surfactant is rapidly metabolized in vivo with a short
half-life. We recently succeeded to produce a synthetic adjuvant mimicking surfacten® (SSF) with a carboxy vinyl
polymer as a viscosity improver, named SF-10 for clinical use. In the project from April, 2014 to March 2017, we
found following 5 major results.

1) Nasal vaccination of influenza virus heamagglutinin (HA)-SF-10 induces both HA-specific IgG in serum
and IgA in nasal fluids with the long-term femoral immunity. Intra nasal vaccination of HA-SF-10 three times in
mice every two weeks induced HA-specific IgG in serum and IgA in nasal fluids and their neutralizing activities. The
efficacy was in the top levels known to date. In the experiments of young cynomolgus monkeys, we found that one
revaccination after 9 months of the initial three-time’s vaccination achieved almost maximal immunity, suggesting
long-term femoral immunity by SF-10 and the results suggest its potential clinical use for intranasal flu vaccine.

2) Nasal vaccination of HA-SF-10 induces cytotoxic T lymphocytes (CTLs)-mediated cytotoxicity in the lungs
and cervical lymph nodes. Nasal instillation of HA-SF-10 efficiently delivered HA antigen to mucosal dendritic and
epithelial cells, resulting in differentiation into effector cells via cross-presentation, yielding a high percentage of
antigen-specific CTLs in the nasal mucosa, lungs and cervical lymph nodes. HA-SF-10 also induced HA-specific
lung-resident CD8" memory T cells, and effector and central CD8" memory T cells in the spleen with sustainability
for at least 6 months, the results suggesting a long-term cell-mediated immune memory.

3) SF-10 induces protective immunity in infant of mice during suckling period. Intranasal and intraoral
administration of HA-SF-10 in mice during suckling period induced efficient HA antigen delivery into airway
mucosal epithelial cells and gastric mucosal epithelial cells, respectively, resulting in the potent systemic femoral
immunity. HA-specific IgA was detected in mucus fluids in the airway, gastro-intestinal fluids and cervical fluids.
4) Safety of SF-10 in the central nervous system. Since HA-SF-10 is administrated nasal cavity, we tested local
adverse effects in nasal cavity and olfactory tissues. Although the mucosal adjuvant cholera toxin redirects vaccine
proteins into olfactory tissues, no effects on olfactory tissues was detected in nasal administration of HA-SF-10.

5) Screening of antigens for application of SF-10 adjuvant. Although data were accumulated in influenza HA and
RSV vaccines for application of SF-10, we have tested other antigens. Intranasal and oral administration of hole-
inactivated avian influenza virus HSN1 complexed with SF-10 induced efficient systemic and local immunity. We
have developed dried SSF-HA powder for intranasal administration and will apply to use as a next generation
adjuvant. Since oral administration of antigen-SF-10 complex induces potent systemic immunity, we will try to apply

SF-10 for enteric virus vaccination, such as norovirus, rotavirus and poliovirus vaccines.
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