W CEEIND T MEEEERFEED B Mk
D Igh 7 T AAA v FAREBRFHPEEF LT
WA ERELNI R0, SbICHIEE
TRENTBRARIS B, MHC class T & MHC
class II 2N T BHER Y 7 FIARERD I
AR LT, ISR LR S O T
EHEELTCWAEREBNEHLNIR T2, &
DX D RERERT SF-10 7V a /3 R T
H BN, FUROIEFLET TR O
MEERIEEL 2L, LR E OEXFETITEMR
MBOPURER OBV IALZREEL TWS Z &
SR L7z,

B k=T
D. f&wm

TECHENRERBESIEET ¥ 23 b
SF-10 DIERMEFED—MWMRH L M7 - T
T, SHRIORAFEMRETELE L T,
SF-10 OEZE=ENRRBLUNSDRIZ LD DD
D>, EARTURTEEN R, MICHEkT S
NS SITR DAL TRETZED 5,

E. BEAREHR
72 L,

F. HseRE

<FRSCFEF

1) Horimukai K, Morita K, Narita M, Kondo
M, Kitazawa H, Nozaki M, Shigematsu Y,
Yoshida K, Niizeki H, Motomura K, Sago
H, Takimoto T, Inoue E, Kamemura N, _
Kido H, Hisatsune J, Sugai M, Murota
H, Katayama I, Sasaki T, Amagai M,
Motita H, Matsuda A, Matsumoto K,
Saito H, Ohya Y. Application of
moisturizer to neonates prevents
development of atopic dermatitis. J
Allergy Clin Immunol 134 (4): 824-830,
(2014)
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1 Uptake of HA

Fold vs HA (37°C)

|
|
{

w37°C

m4°C

non treat HA HA-SSF
% P<0.01;meant S.D(n=3)

B41.
PEER 0 A AEER) R

HA-SSF {Z & 2 #HiRH A ~ DR E K17

¥, P<0.01 vs. each of lreat time on HA; mean* S.D(n =3 - 4)

18 e HA SSF
16 seBe HA \[
g™ —+— HA-SSF . |
& 12 T |
5 |
10 .
5 !
q 8
=
s 6
o
o4
2
0
A0 5 15 30 60 120 (min)

X 2.
Y AT ERE

SSF {Z X B #Hik A fE ~ D HA HLRE DO B

SSFE I HAMTRE

6 9 12 13 18 21 24+

X 3. HHRAPN T HA-SFF D ILTEME D HERS

RIZEAL

1% | HA uptake ratio
18 P=<0.01

14

§§ 12
g- 1
£ 08
2
gg 06
© 04
02
0
HA.SSF + +
DMSO - I + A4 i
Inhibitor - . ~ ami cyD ehl
Soncentration
of lahibitor il el ol el
ami: amiloride, cyB B, cyD O, chi

a7 e & d B 7 3

4y ~F g A herde AT L5

HA-SSF D EY V) 1A AR %h 5

% of positive

HA+SSF - + +
DMSO - - +
inhibitor

Ami:Amiloride
CyD:Cytochalasin D

+ + + +
+ + +
Ami CyB CyD Chi

CyB:CytochalasinB
Chl:Chlorpromszine

X] 5. CD86 Gt DEIE TR L
KFET N A b — ZAFRER D%

. Tcell Dependent

17517\4’??

;g%&.| 0

X 6. THIFRIEERFMERIEZEE LIZER
R IgA EEAED 7 T A A A v FAEEKE
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BAFF
Realtime PCR
15 6h
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Relative mRNA expression
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OVA(IORZ) fcosith
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WRSHEE EE E (B2 ERASt - VT UEERR BEHRR)
Tm FHk (FE-ZHERSt - U7 FUEER BRI

gn=
FE E E-=2ESSt - VI FUEER BIEENER

)
)

HEEE

T2y MY 7 FU0d, —RICT V2N ML E DU 7 F U R OERICE S TEE
PERRIREIC 25 Z & DL CARFRIZEB T DEBERSEEUDT V23 b SF-10 1225\ ThH
ZDREDPBEEMEIZONT ORI EIT-> T 5, SF-10 T 5 N LEKMY—7 7 7
&2 NEIEID SSF L, F72 CLP BB ZBRICER L TEEME ORISR TEY | ZNICEE
SLEshis & U CEEB I CWA Carboxy vinyl polymer (CVP) Z#EEEDIEEIM % T, SF-10
DTE TS, UL, SSF & SF-10(SSF+CVP) DT ¥V = /N R Zh B, BIED g FIAEE
BN T SF-10 TH 10 FRBREHERIND Z b, BEMEICHTH5HEiZ 2 b DR
ENLIEMICEET D LERD D,

SF-10 DEEMERFHIDWTAREE L, ~ U 2 E AW REFERN Y X 7 R+ O/ % EhE
LTHY, REERZLER L THITA2ED TW5, BENPHKE., K70 P =2 hDO2ME
BB SH B,

A, HFEERY WEZERTH-HIL, KFrY=cs bT
INETICHACTEESNZZEREE 37 Va2V FEREEEGEOERVE F0&
T2y ME, M1IETRT L9 ESICREL THRRE L, BFIZ2ENRAEE
Poly(I:C). CpG. Cholera Toxin (CT)Z o ORI % [EEST 5 2 & T, BeMrrERT
EolE, Tyany FEETERMIREZE 2FHEEZERRLTE R, 20X )%kl s
AL CRERAZEMEATAT Vany  BRETAHIERESMHET V20 MILH1
NEEL . BRI~ OFUROERIFELE IR THRERGEKE L oMY —T7 727 4
BMEELIHEEREL LTOT V20 VDR THD,
D2TN—TIHETEDH, THETIE— SF-10 1%, 7 ¥ 2" M EM T~
RIZ, BIEDO T N—TTIE, 7TVaxr b FEEREN b, TYVa Y FEIE
DOBEENRERL 22X 58, BEAEE I3 ERFTOREERRISITRD LN T
BEDT VanNy MaD U A7 RnEE->T Wel, L LERENBEETHLZ b,
ZEMICHENRN, B EUEER EEREN LEPRERR~OEE LM
FICERSEDZLIIRETH-T-, 20 WKHETAILERD D, TREREEIT
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DERERE b RFICANTL 27 L
TITSRBERH D,
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SF-10DZEMEDREFNL, ~ 7 A& vz
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BRI O PR 2, ~ 7 A2 TR
A L7z, Efla M 2R L7,

(fmFmEm ~DEE)

KL, F— =t o EREY
EESOERRBEZT, FOBEICENFER
L7,
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SF-10 DEEMDIRFHL, =~ 7 X & Az
TR FE0 70 U X 7 [RF O AT % SEHEH
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W5, ZIZTE#H LTS Level 1, 2, 3
WZDWTIE, B 3 IZRTEMLICHEYS 35,
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WZH D,
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T P28 b SF-10 OZEMEDOFHE 2
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CNETICHMREINEERELGREBEZS 1> b
Mucosal adjuvant and Route Systemic Mucosal T cell

1) SAEESIRH RIS _

Toxin-based adjuvants Cytokines, 42 = Antigen receptor
T o Og + + ’ / com. Antigen peptide
ratant + + {

HLT ON + + MHC: Clase It
tantH LT N +

CTAKLTE ON ; + =ABRIZ.

matant CTAHLTB N + +

mutant PTX H + + ¢

mutant STZ N + +

STXB N + +

Cl{t?kme-based ad.]uvants y N . Dendritic cell
IL$ N + - P
A H ' + Unexpected antigen Side effects

Innate immunity associated adjuvants exposures
Lptn N + +
RANTES N % %

Defensin N + =
(oG DNA ON Y +
Poly(I:! ON + %
Saponin{QS-21) o] + + J

2) BEOBRHERADNRERE
1SCOM oN + + : iy
m:m ted vect 5 g N = ;

attenuated vectors
sSemorells g 4 + , FPZa/y PRBTHRBREANT S
Chicem - % + <. REFETTOHERMEBERNT S
e on M 3 KR¥EE (MASR) ORVCERE27Y 2
Pulmonary Sudactant {SF-10) . N * * KoM, REBBEROLTRETHD

1. ZHETICHAESHAEEERREY 23 b

EREEERSROREFNFHR
WP :Balb/C mouse female B-week-old
N=3

vaccine conc.: PBS cont, ugHA/ L
£ 3 p L x 2(each cavity)E 1AM CIER AR E

SE#HEZ BIcEM. BHE10% S ERILTUSICTEE
(BERIZI0% P ERILIULEERE)

BB ALIR R (/85 D4 TRV EERL. VI TERL. HERELAREROD
REPHMTETS

BEFOHEE ZF4M HlTaomE
Nasal cavity evet 1) i
B WRREBEL) Nasal cavy (level Z) R,
(Nasal cavity) (Head {incloding sasat cavity ) Nasal cavity (level 3) Level1 Level2 Level3
Nasopharynx -

2. ~Uv 2z AWIIREZNY A7EFF K3, FEARGY H LU L EE
DIEYE EFREE (7 v kD)
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BAGERIFMEZEEE G - BERERYYE DN 5 B EE LSRR HETEEE)
EIEEB A RS

SHEMFRHREE
SF-107 ¥ 2Ny N OFASEREDOFAEICE T A3

WoEoEE  mE A (BBERFREBERFNE L2 — FEHE
moEw 0% B ORT (EBERFRBERFNEE X — HFEE)

MAEE |

BBBFEY 7 F 03, SOERRE L F UL — b CHRRR SN RERRMERT 52 &0 b,
BRI Th 5 BIEOHRZ LT, KELEOKE, & OICHME, BB BT b oW
LA P EFHET 2 L EPh T e, Ll TORGHEDROEE, HMIZ OV TIRZ
NETRBRANRS P2, KEEO 1Y 7 b TR, BESEERICEEL Sh iz SF-10
LA YT NEYPRRZRES L TARBEICEET 22 & T, MRFOTIA 7z P HA T
. RIS, IR, BERIEOHA 7L ¥ HA WL Teh Hik OB %
BIFE Uiz, ZOFER, T2 F BRI O BIE L ZIERSORE O Tgh FASESUIET I
BENTRY . ERBESWIEFITERIHREDOK 600 TH 2 03 RE T, BICE XN
BEEAND & BH O 10 BEORKEDHESRSWSNTNDZ LM LE, UEnC
L, ARERIE, BEMEDL R LT, BEREAENIC L RYT LLF—T
Fooo, IEHERE L ENIC LI HIV U2 Fo BTA Y 7 FUE0R%E~ BRESENRE
ReHESNIZ,

A. BB TR, MIEF D 1g6 FAEEZFE L T
ATV T I FUoikthd b LEg RBENRLZEET S, X TEYICES
BUsFon%it, BEOREL—FT SN TEDHEREREOEN-BEEED A
FEC ETENOHGREREOT 7 F ERZHEE L THASELE 2021,
WEL ., ZOBEFEHFEDT TH2 #1470  HREEMBRTEA 0 CRIEERIERETRT
TMERBERDOLNREI SV, THL Z A 7O T2 "RREARTH 5,
At ZE R OIERIZHB O THY, I b, AK7alxcl FPTIE, LEEZEFERLLT
WAL DRGEREED Tegh PUADFHEIT REFEEY 7 F KB LIZSF-102 8
LB, KUEREOT 7 F U HLT, SESMUANO2E ORE, B
FITIE. LV TFHREOBNY 7 FURE BIIIRE IS TE. B RS,
FNTEY., TOEDITFERBLEL—F BEERCEENIFEBELZRE LT,
DRBERBU 7 F L THILERS D, &  SF-107 Va2 RS EREORE
BEERBY JF L OBRE, TEEOSIE BT AR ER LT,
Igh 2HE L TRETHIREFET L
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B. HFFEITVE

SF-10 7 ¥/ = Mk, B LRl —
T A NDORG DR KT Y A
Ny MMEAIC K ER S LT
dipalmytoyl phosphatidylcholine (DPPC) .
Phosphatidyl glycerol (PG), Phosphatidic
acid (PA). Surfactant protein C (SP-C)
ERIE L. OB T2 DI THEAEDN
IRt 77 SP-C 1ZfXd> > TK6L16 7" F KA FE
BHENT, flit—77 7% MIFEP LT
ANLTERMT V230 b (SSF) N5k Lz,
X LIEFE I PUR & SSF D BEN T O
TR AR I T D 2D OHREAI L LT
Carboxy vinyl polymer (CVP) Zhlx . SF-10
MR LT, K2 yy—77 7% k&
HA PR &2 IRA L= BT HMEEEE (4) & | HA
PR & SF-10 #1EBA LT- BT HEHMESE (B)
%9, SF-10+HA FLRDBGE. CVP DR
< — 2 HA FURDHE OB H 40T, Bhiki
12 HA FUR DS D BB S TR IR R &
na LI ND, Z0XHIT SF-10 TV

2N b EFURE OZRAVRFEE D EE T,

FDODERETIRTO/NT A—F — A
BEfS L, BEMEOBRWIIR & SF-10 0%
EREDBELND LR oTz,

ORI EER L TEHUNOKE
RAVEER . B8RRGSR, IBRERICE
FNDHPRFERATUEEZRIE LT,

(fEE ~DEE)
AHFFEIL. BERZFSHEREZE S DER

BT, TORENIEVFER LT,

C. HFefES

KEBRCTHERLEZA 7 b W
haemagglutinin (HA) DFAZEL R K 3
IRY, 8 EERD Balb/C~w 1 A (M), &
5UCIZ, ABEEE/KE5#, Influenza A

California/07/2009 (HIN1) HA (0.4 pg/U%)
B, HA (0.4 pg/PB)+SSF (4 pg/PC) +0. 5%CVP
(HA-SF-10 ##£) . HA (0. 4 pg/PE) +Poly (I:C) (4
ng/ L) (HA-Poly (1:C)#f) &, 2 @EREIMRT
3al s (el 3 b -52) LT, &
GG 2 %I, K & S PEEER %
BEEL LT FiA 7 W HA FLR o BE
% BLISA CHIE L CEME & FRE TR L
TWb, ZORESR, EBEEKD NNy 7 7
Ty MET, Sif, Mmoo HA HriRix,
FER 2-3 ng/mL, 10-20 ng/mL & L7~
Dzt LT, HA Bl 3 B 5 CEH, i
R OFT HA FLsIEE LE 4L 5-10 ng/mL, 30-40
ng/mL 2O R 4L/ 25, SF-10 7
230 MR 1/1000 F2E T, BICERL
72 pg/mL O A — )L TIIEIE 0 [ZiF VW ME &
LTCEREINTWS, Zhixt LT,
HA-SF-10 B CIZEIED IgA E (FRfE) <
30 ng/mL % . MiE 1gGfE T 2765 pg/ml %71
L7, ZOHPEFHFESRIT, ST R T
RODEMLTEFEDRLEEAD, 20D
MAEFEDRIL, BRI T BRI 5
SSF & RIE®D Poly (I:0) DRI L Y &, ik
ET1.6MF (&), 2.6 fF (MK OFUE
SHELN R A~ LT, HA+SSF 125 &, 15
% (&%), 8.5 fF (k) #=mrL. BN
BEDEA . CVP+SSF (SF-10) DEHA 241
(REHEEERN R 27 L T D, CVP (LB Iz 8
FEFIE LT T < B4R T L 51T SSF
E OIFETICHA FUR &2 2h= L < BhRAEIC
BEL TCWAEnEHESND,

CHED XS ICREEREAD SF-10 (2K
BLET Va2 FERWT, B0 IgA
LMK D 1gG LIS DB KEBED 43 TgA
DHWELRE L, EFEMICIE, U X
D BPEHER., [E X MREEER, Bk,
THILE BeysiR, (B Ot HA 3 TgA DFE
BErEH LT,
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SiEES D Balb/C~ 7 & (M) &#E5 L)z,
A B K& 5 B . Influenza A
California/07/2009 (HIN1) HA (0.4 pg/PE)
 #t. HA (0.4 pg/PL)+SSF (4 pg/PL)+0. 5%CVP
(HA-SF-10 #£) . HA (0. 4 pg/PC)+Poly(I:C) (4
ng/PE) (HA-Poly (1:C) &) %, 2 EEMET
SERERE (FEI3ul32) LT, &
RGN 5 2BEIC, MK E BFEEER
(0. 1% BSA/saline, 1mL). Hfigeiik (0. 1%
BSA/saline, 2mL) . F&E Uc ¥ % (0.1%
BSA/saline, ImL) . B WEH#& (0.1%
BSA/saline, 2mL). Z(E (BB OZEE 100
mg & 500 uL DT T —¥ A e EX—7
7T INVEET PBS) AR LTZ, hBEMEE
BT HRBIZEEND T T 7 —EA v
EEX— 2 EDAREOKRKRBEIL, 10 nM
phenylmethylsulfonyl fluoride (PMSF) .
0.1 mM leupeptin, 0.1 mM bestatin, 0.1 mM
E-64c. 0. 3MKC1, 15% dimethyl sulfoxide.
0.05% Tween 20 TH 5,

BICRBERE LA 7/ % HA
PR BRASWEL 1gA 0K, KB
FEEiER. BBEREIRVEEIR. 8. BIRR
HOREZRLTWS, vUA1LLHEEY
DITWHREZE 6 12T, &lfEasd HA TR
BRI Teh BEIX, WT ORI
BWTH Poly(I1:0) I~ TSF-10 DEEER)
RixErolz, BRFIZDWMII D EIT.
BIEICSMENIHREORESE, SHIT
IBE VRV IR P IX B R & IZIERED
A > 7 NT o HA FURSSFEA WAL TgA 73
R ENTZ, 2B, EEFICIIHEHRE
ODHENREENTBY, EENTHRLEZE
DERFENREETND ZERHBA L, =
NHOET, BEREE, BRIEY 7 F
VICREBBEEUY JFUNERSTHH LR
AL TWA,

D. E%

TV anNy hOFEE BRI — MZ
TBHIET, EERBEEORR & 22 A R
B2 7NLVEET DI & T, B THERARH
BTHEENREEZER LT,

FOFER, U F UMD EE L F
ERIEDRED IgA FUAPESWIRFIZE
TNTEY, BESWMBOTRAEREIIES
T, BHOFEREDCR 10 2L LT,
IDZENDL, SBEREREELINC, B
BYE, BEREE, SbIEEwT 1L
F—U 7 F o0, BREREZZENIZLE
HIVO 7 F 2 #EERAY 7 F B~
DEIFES LB,

E. #&w

SF-10 7 ¥ = 3> h OFREERSE D
ETIIREFEOLBT T, MEFD 16
LIAMT GEHIE D Tgh, BERSIED TeA, &
RO Tgh # S EBEOEAL TWDH I LY
BRLEZ b, BEREY 75 B
EU 7 F U OBBIZIGATE 5 2 L )34
L7z,

F. @ERARER
72 L,

G. HrFEEE

$EmILFETD

1) Maekawa T, Kimoto T, Mizuno D,
Furukawa Y, Ida M, Takahashi E, Izumo
T, Ono Y, Shibata H, Kido H. Oral
administration of Lactobacillus
pentosus strain S-PT84 enhances
anti—influenza virus—specific IgG
production in plasma after limited
doses of influenza virus vaccination

in mice. J Vaccine Immunotechnology
(2015) 2(1):5.
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2) Hiyoshi M, Indalao IL, Yano M,
 Takahashi E, Kido H. Influenza A viris
infection of vascular endothelial
cells induces GSK-3 3 —-mediated
B —catenin degradation in adherens
junctuins, with a resultant increase

in membrane permeability. Arch Virol
(2015) 160(1): 225-234.
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Burfactant proteing

K6L 18 Synthetic peptide { KKKKKKLLLLLLCLLLLL L

(¢ rocessing of Surtactant Proteins 8 and C.
Fnitsett, N Ensl. J. Med.. 3

. KERET S
iy —7 77 % MRS

a2y MEHIZSHER

(A)
@Y —T2030F
+ HA

WY — T o2k

SFIOEHLW-&]&%LSHW

Y

BB (&¥Bab/C IR (8w, $1 ns )

*saline

“HA{ 0.4 ug }

“HA{ 0.4 ug -SSF( 4 ug }+ 0.5% CVP { KA-SF10)
~HA[ 0.4 ug FPoly{tiCH 4 ug}

BB rYa—)L

v v sampling

2w 4w 6w

¥: vaccinartion

BLERE

<REKSE (nasalwesh) | 0.1% BSA/ saline imi
WA BHE (lungwash ) 0.1%BSA/ saline 2mi

. i [ intestine waash }; 0.1% BSA / saline 2mi
es)); 100mg/ S00ut inhibitor cocktail butfer
{vaginawash | : 0.1% BSA /saline 1mi

. RERERERS ORE

(B)

'SF-10. SSF. K6L16 peptide * lipids (DPPC/PG/PA)
+ Carboxy vinyl polymer (CVP) CGEHE(0

SF-10 + HA

ERY —T7 U2k SF Ha

‘sss=+cvp SF-10 |

g 8 88

a

[ Ak gh i nnsalwash | AL
T it L
w0 {
15
7 10 ¥%
454 Z 288
® o 5 ’ . 3
sline HAn)  HAPOWC) HASFIO o _ sdline e o S o
; = 0 o A fom v
et KUGA T Lurg wasn [ e rmit
L fug Fmty B0 b —
a0
£ =
5 0 £ 231
- - 156
355 1w W
: o ; .
satine HAN)  HAPOWIC) HASFIO oy safine hM"\) HAPOl(iC) HASF10
| nAD-NAl'Ah -
o T i
aa
SF10 RBLBAT 75 BREHLT 30
BE RN TE HSNEN ‘ﬂlv'}‘,lf‘ 0
e e U 10
= - 5K
o 3 2.7 2

saline HAflni  HA-Pol(iC)  HA-SF10

2. fiy—7727 %, SSF L HA &

DESEDERE

& ¥ .o
| HA=0.4 pg |

[SF10=4pg |
| Poly(:O)=4 g |

| $ 5£10-50 pg/mLSIgA
11 #2.2-3.8mg/mL 1gG |
L RRAGEEHEG

L H#RrsTLAL

X 3. HA-SF-10 |Z
IeG TEFEDR

L ABEH IgA, MK

X 5.

HA-SF-10 OREEREICL 5%
2R D4 Tgh DB E

120
. lung
M0 | e nasal
g - vagina
3 80 | w intestine
E feces
g 60 I mmE intestine + feces
g 4 - . . : k.
<
T 20 | SRS F t ¥ g
< 0 _—__-L.-L_LL-L_&LL
< o) N . )
& &« Q q
ﬁ‘x“o« & \«“ 4‘@* =;<“a<\ «,«gés?r,«”c\«\‘ &
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Oral Administration of

Lactobacillus pentosus Strain
S-PT84 Enhances Anti-Influenza
Virus-Specific IgG Production in
Plasma after Limited Dose of
Influenza Virus Vaccination in

Mice

Keywords: Infiuenza vaccine: Lactobacilus pentosus strain S-PT84:
Adjuvant effect; IgG: IgA

Abstract

Background: It has been reported that various Lactobacillus
species enhance antigen-specific antibody production after viral
infection and/or vaccination in animals and humans. in this study. the
effect of oral administration of Lactobacilius pentosus strain S-PT84 on
subcutaneous odministration of limited dose of 2.5 ng of influenza A
virus {IAV) (HIN1) split hemagglufinin [HA) vaccine was studied in mice.

Methods: Seven-week-cld BALB/c female mice were fed the
AIN-93M diet with or without 0.186% S-PT84 for 6 weeks ad libitum and
then given subcutaneous injection of IAV/California/7/2009 (HINT)
HA vaccine at doses of 2.5-15.0 ng/mice and boosted on day 28.
Two weeks after the last vaccination, the mice were sacrificed under
anesthesia, and the amount of anti-HA-specific 1gG in plasma was
measured by ELISA.

Resulls: The levels of anfi-HA-specific 1gG in plasma were
significantly higher in the S-PT84 group than in the control group
without S-PT84 treatment. Anti-HA-specific IgA levels in nasal washes
were under the detection levelin both groups.

Conclusion: Oral administration of 5-PTB4 enhanced the
broducﬂon of HA-specific IgG antibedy in plasma after subcutaneous
vaccination, even at the imited dose of 2.5 ng of 1AV [HINI) HA in
mice, suggesting that 5-PT84 has a potent adjuvant activity against
AV HA .

Introduction

Influenza is an acute viral infection that results in high morbidity
and significant mortality, particularly in infants and the elderly
populations [1]. They sometimes have a high risk of fatal influenza
pneumonia and thus vaccination is recommended for prevention.
The World Health Organization has recommended use of oseltamivir
(Tamiflu, Chugai Pharmaceutical Co., Ltd, Tokyo, Japan) and
zanamivir (Relenza’, Glaxo Smith Kline K.K., Tokyo, Japan) for the
treatment of influenza. These antiviral neuraminidase inhibitors
are useful options for scasonal influenza infections in the world
[2]. However, Shinahara et al. recently reported that administration
of these inhibitors decreases anti-IAV HA-specific IgG and IgA
production in plasma and nasopharyngeal secretions, probably
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because of inhibition of viral replication and limited production of
viral antigens [3]. The limited viral antigens do not induce sufficient
acquired immunity in patients treated with anti-viral neuraminidase
inhibitors, resulting in a high frequency of influenza virus re-infection
in the subsequent year [3].

Lactic acid bacteria (LAB) are widely used as a health food
ingredient and could modulate mucosal and systemic immune
responses [4,5]. Oral administration of live Lactobacillus casei Shirota
significantly increases the survival rate of neonatal and infant mice
infected with JAV by stimulating IL-12 production and NK activity in
the lung [6]. Oral administration of heat-killed Lactobacillus plantrum
L-137 [7] and Lactobacillus pentosus strain b240 [8] enhances type 1
interferon production and increases the production of anti-IAV IgG
in plasma and IgA in bronchoalveolar lavage fluid, respectively, and
prolongs the survival period of mice infected with IAV. These studies
showed that oral administration of live and nonviable Lactobacillus
species enhances the protective effects against airway infection of
IAV.

It has recently been reported that oral administration of
probiotic LAB enhances vaccination-induced antibody production.
Lactobacillus acidophilus enhances rotavirus-specific antibody after
vaccination of rotavirus in the neonatal gnotobiote pig [9]. Davidson
et al. reported that volunteers receiving Lactobacillus GG show
higher protective titers after administration of live attenuated 1AV/
H3N2 vaccine compared to a placebo group after vaccination [10].
Moreover, Boge et al. reported that daily consumption of a probiotic
drink increases relevant specific antibody responses to influenza
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vaccination in healthy volunteers over 70 years of age [11]. Therefore
oral administration of Lactobacillus species might be effective
in preventing influenza virus infection by stimulating antibody
production.

We previously reported that Lactobacillus pentosus strain S-PT84
enhances splenic natural killer (NK) activity and exhibits anti-allergic
effects by modulating ‘I-helperl/T-helper2 (Th1/1h2) balance [12].
Moreover, il has been reported that oral administration of S-PT84
enhances interferon-a production from plasmacytoid dendritic
cells against an insufficient dose of hemagglutinating virus of Japan
(HVY]) infection [13], and that intranasal administration of S-PT84
protects against influenza infection [14]. However, the eflects of
S-PT84 ingestion on limited dose of IAV HA vaccination and HA-
specific antibody induction have not yet been examined. In this study,
the effect of oral administration of S-PT84 on the induction of IAV
HA-specific antibody in mice immunized by IAV HA vaccine in the
nanogram range was investigated.

Materials and Methods
Animals

BALB/c female mice, 7 weeks old, were obtained from Japan SLC,
Inc. (Shizuoka, Japan). Mice were housed and fed a commercial diet
(CE-2) and tap water ad libitum for 1 week at 25«1 °C and 60% +
5% humidity under a 12 h light-dark cycle before experimentation.
Experiments were performed according to the Guide for the Care and
Use of Laboratory Animals (NIH Publication No. 85-23, 1996).

Bacterial strains and bacteria preparation

S-PT84 was isolated from Kyoto pickles “SHIBAZUKE” [12]
and was cultivated in a medium containing glucose and yeast extract
(Aromild™, SK yeast extract Hi-K) at 37 °C for 24 hours. Cultured
bacteria were collected by centrifugation at 9,190 x g for 5 min,
washed twice with sterile saline and once with distilled water, and
heat-killed at 95 °C for 5 min. Heat-killed S-PT84 was Iyophilized for
use in the experiments. i

Vaccine

The influenza antigen used in the present studies, [AV/
California/7/2009(H1N1) virus processed for HA vaccine (split-
product, 0.636 pg protein/0.341 pg HA/mL), was purchased from
DENKA SEIKEN Co., Ltd. (Tokyo, Japan).

Procedure and sample collection

BALB/c mice were fed on a commercial diet (AIN-93M, Oriental
Yeast Co. Ltd., Tokyo, Japan) with or without 0.186% S-PT84 and
tap water ad libitum for 6 weeks. Mice were given subcutaneous
vaccinations (2.5-15.0 ng HA/100 pL) and boosted on day 28. Two
weeks after the last vaccination, the mice were sacrificed under
anesthesia. Blood samples were collected from the vein. Blood
was centrifuged (2,500 g, 10 min) at 4 °C, and the supernatant was
collected.

Enzyme-linked immunosorbent assay (ELISA)

Anti-influenza HA-specific antibodies in plasma were measured
by ELISA [15]. Briefly, 96-well plates (Nunc, Naperville, IL) were
coated with HA vaccine and bovine serum albumin (BSA, 0.1 pg/well

cach) in PBS overnight at 4 °C. After the pre-coating, it was blocked
with 1% BSA in 50 mM Tris-HCl (pH 8.0) containing 0.14 M NaCl
and 0.05% Tween 20 (TTS) for 1 hour at room temperature. The
plasma diluted with TTS containing 1% BSA was added to each well
and incubated for 3 hours at room temperature. The plate was washed
six times with TTS containing 1% BSA and incubated with goat
anti-mouse IgG antibodies conjugated with horseradish peroxidase
(Bethyl Laboratories Inc., Montgomery, TX, USA) for 2 hours at room
temperature. Color was developed by the addition of TMB substrate
(Bethyl Laboratories), according to the instructions provided by the
manufacturer. The chromogen produced was measured at 450 nm
using a SPECTRA max PLUS384 AutoReader (Molecular Devices,
Tokyo, Japan). Antibody titers were defined as the reciprocal of the
highest dilution of sample for which the optical density (OD) was at
least twice the OD of the negative control samples before vaccination.

Statistical analysis

The significance of differences in values between the control
group and S-PT84 group was determined using Student’s t-test.
P-values less than 0.05 were considered significant.

Results
Doses of vaccination of IAV/California/7/2009(HIN1)

The induced levels of HA-specific IgG antibody in plasma were
analyzed to detect the optimal dose of IAV/California/7/2009(H1N1)
to evaluate the effect of Lactobacillus pentosus $S-PT84 as an adjuvant.
HA-specific IgG antibody in plasma was increased by IAV HA
vaccination in a dose-dependent manner in the range between 2.5
and 15.0 ng (Figure 1). HA at 2.5 ng, even at the lowest dosage, could
induce production of HA-specific IgG in plasma, and that dose may
be appropriate for examining the effect of LAB on enhancing HA-
specific IgG production in plasma. Therefore, the minimal dose of 2.5
ng HA was used to investigate the adjuvant effect of LAB.

Effect of Lactobacillus pentosus S-PT84 on the production of
HA-specific IgG in plasma

Mice were fed the AIN-93M diet with or without 0.186% S-PT84
for 6 weeks. In the control group treated with two subcutaneous
injections of TAV HA at 2.5 ng alone, a small amount of antigen-
specific IgG antibody production was detected in plasma. 'The S-PT84
group of mice treated with continuous feeding of the AIN-93M diet
with 0.186% S-PT84 during the experimental period also received
two subcutaneous injections of IAV HA at 2.5 ng. HA-specific IgG
antibody levels in plasma were higher in the S-PT84 group than in
the control group (Figure 2A). On the other hand, HA-specific IgA
in nasal washes was under detection levels in both groups (data
not shown). The induced HA-specific IgG titers in plasma were
significantly higher in the S-PT84 group than in the control group
(p=0.007) (Figure 2B).

Discussion

In this study, oral administration of S-PT84 enhanced HA-
specific IgG induction in plasma, but not HA-specific IgA induction
in nasal wash, after subcataneous administration of limited dose of
TAV (HINI1) HA in mice. The findings suggest that S-PT84 has an
adjuvant effect against 1AV HA on plasma IgG induction, even at
minimal dose. Nonaka et al. reported that S-PT84 induces cytokine
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