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summary

In Europe and America, the allergen immunotherapy (AIT) for various hay fevers or allergic rhinitis is enforced as
causal treatment methods. However, in Japan, the only AIT is subcutaneous immunotherapy (SCIT) for Japanese ce-
dar pollinosis and not so popular due to the long term treatment and the obscure mechanism of action being elucidated
etc.

We are now advancing research of the new vaccine technnologies which aim at the practical applications of ASIT to
Japanese cedar pollenosis. The first candidate vaccine is immunoregulatory liposomes which include antigenic polypep-
tides and chemicals for the induction of immunoregulatory cells such as invariant natural killer T (iNKT) cells, regula-
tory dendritic cells and regulatory T (Treg) cells. The liposomes encapsulated ovalbumin (OVA) were prepared and in-
jected intraperitoneally into mice primed with alum-adsorbed OVA. After subsequent challenge with OVA alone, IgE
and IgG antibody responses were remarkably suppressed for several months. The results suggest that the im-
munoregulatory liposomes containing antigenic poplypeptides might suppress on-going IgE antibody formations during
the pollen-season and induce long-term immune tolerance after the treatment.

To elucidate the mechanism of action, next, the spleen cells of the mice treated with the immunoregulatory lipo-
somes were analyzed. As a result, the liposomes were taken into B cells such as marginal zone B (MZB) cells in addition
to the dendritic cells or the macrophages. It is demonstrated that IL-10 production after the interaction of the
liposomes-captured B cells with iNKT cells are involved in the induction of Treg cells.

Now, as a vaccine of Japanese cedar pollenosis, the immunoregulatory liposomes encapsulating the designed
recombinant Cryj 1-Cryj 2 fusion protein is manufactured so that there may be no risk of anaphylaxis. In a mouse
model sensitized with natural Cry j1 and Cry j2 antigens, the vaccine showed the suppression of IgE and IgG antibody
responses after the challenge with the antigens. Moreover, oral administration of the vaccine also showed the efficacy
for the IgE antibody suppression.

Taken together, it is suggested that our basic technology for immunoregulatory liposomes can be applicable for any
allergen-specific immunotherapies.
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ok TlE, BRxZIEMERBER T VIVF—HER 2% % &4 57 VL7 v fEfED: (allergen Immunother-
apy ; AIT) 728, BAMREBEE L L TEBINTWS. LELERLAR T, EMBORBREEAESTLH L
LERABEEAHH I N T RW S 2 Eh D, TSRl TRV ORBRTH L. BAEK 21X, AFEMED
AIT ~NOFEHb % BI5 L -FHBEY 7 F vV OMFREED TN L. RIET 7 FVOF—FEHE LT, AENTT LV
IV B IR IS A B 5 T L R HENC, T LIV v 2R g bRl & TR A A
g LRI Ry — A AEBL L. ETVERELT, ATV T IV (OVA) EREFF 250 - F
5—T (NKT) #ifaziEtE b9 % CD1d U AV FaH AL 7 f&EHE OVA ViR Y — A% OVA BEL 72~ 7 A
5 LR, BINRE THEE SN S ZRINn IgE FUREERZ L IG5 2 LRI TNHDOIT A
i3, B A%O OVA BINGEICI VT IgE JiAD EARRD ENnd - 7o U EOHKR2 D, HEHE OVA
URY —ARERMICE D REERZHETE LI EPRRBEI N, RIS, BEHH OVA URY —LmHE Lo~
v ZAD ISR 2 BT L7z 2 OFER, BRRMIE~ 717 »—YLSMNS, BMIRZIC & AEHIE OVA U Ry — A
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MDA Eh, INKT Mifld & DA TIL-10 EEAE L, SIEE T MleF#FEd 2 C L hrRmshie. BIfE, AF(E
WHET 7 F v EL T, 7374 5F—OfBMERR & DI SN/ 2 Cryj 1-Cryj 2 B A EHE T EHA
L7 ) iRy — A% BE L, ZOFRMEHRAL TnbH. KT 7 FUBREICE - T, AFERREINCT LIV
TV RN I RIEHIEBREE A SO TR S A TENIE, AFEMREI O IgE FiAEANMFH SN, S DICHE
ERTHFETENUL, ZOROT VIVF—EROBR & RN EREEPUEFTE 5.

TUILWSF LY =4y beLizREREZDO 2T

T VIIVF—EERIC, (EMIER EDRRT Vv
VHREESINTWBEEEIC, ZNOIEEHES L T
T VIV T B OB A EE5 S & % AIT (Al-
lergen Immunotherapy) (3 AE 9 5ME— DR AKIIIE
BETHAS. LrLanb, ZTOFEH AT ZAAZ
TSN Tz, Hox O AIT Tl
FEREEEZFRL C, 7TV VERL IgE
PUARE AL, S OICRINCIED s s r i
F+LHZLELEHELL TS, TNHERT L7720
i, T UVIVF—IREDORINBERE T H NIV —
28T (Th2) #ifla & IgE FifkpE4E B Mifla o 51t -
B A U SRS I 3 B S0 I B 2 IR
THLENBD S, Th2 Ml OTEMAL 7 LRI
W 5-A L LT, HRMIEROD Toll Bz Ak
(TLR) % #I¥ L T Thl fifa % iEMEAL§ % FiER
KRB TS T 5. fl2iE, TLR-4 )4V
FCTd % LPS OFFE (A T&H % MPL (monophos-
phoryl lipid A) ® TLR-9 U4V FT&h % CpG 7
YUIa X7 UAF FThsISS (Immunostimulatory
sequence) wHIF X /N7 BICKE G SR EEHKD
HIKRBRAHET L TV AhH. ISS &7 % 7 FHi i
Amb al [Z#54& S &7 TOLAMBA (15 11 MHEgER R
BRI B\ THMED RS B/, 5 I AR R A5
FCEMBLEMAEAYHELTWA. b Thi
Mz R 2R A L3NS, ek, T
(Treg) MfaREAFIH G4 HEAERL /2. 4UkD
BIAE LA AT Treg Mila % 75k - I S ¥ 208
LTEETFICEFRS N TR0,

L2 L7 5 in vitro DFEERTIL, BHiMiEs» 5
SAb S R/ RN (DC) % e P
A T 714 IL-10 R M EI Kl O FAE T TR & &
5T EIC kT, RIEERFHEN (tolerogenic)
DC 2| DC (DCreg) ##hE 5 & AA[RE
ThHV, TNHOHRICITF A —7 CD4 5 T il
B Treg % 7 b3EHE S & S RE 12 F# > DC b5
INTWA. H/AEKRNTIL-10 KEMICHE S
N 5 CD11clovCD45RBhgh DCreg (3, in vitro D E

B C RAG2 K48 DO11.10 <7 Ak F 1 — 7 CD4
BHPE T a2 & IL-10 EAYE Treg #FAEHL, 56
I in vivo T3 CDI11cl*CD45RBheh DCreg & OVA
FE5) DO11.10-CD4 [50% T il D&+ Al &
> CTOVA 7 5 AL 72< 7 AD IgE HilkE ik
BREICHHE SN, ChBHORR2E, & LAEMKRNA
T tolerogenic DC X DCreg # &8 ¢ 5 2 & A T
T, IHICENLOMIERT VIVE VT A—T T
HRNCHUREI R 5 2 R TENIE, TUVIVr
BRI Treg # oAb - B S 5 2 & B ATREIC 7%
0, T VIV VR RIIIC 1gE HUKEA I © &
5 EDTREINT.

IL-10 FEAE ZE R (CHFE T DHE

A AP T CD11co"CD45RBhe! DCreg # &2 L <
FETHHMNS, UM T IL-10 FEAERE
EOMITH S Vald-T Mz 51k (TCR) %
¥ invariant natural killer T (iNKT) #EICHH L
7. INKT #if@gid - =2 7 )+ 75— (NK) fiifg &
T MW 75 D % % e B RE 7 FE O #Mifla T, IFN-p %
L4, IL-10 DO EXE ¥ A A4 Ve HL,
H ARG R & R R R O] C Rl 3 e & 4 5
7oL TWh. w7 A% AW/ EBR T, INKT #ifg
i b+ A5 CDId YAV F, o= TS5 7 Fyvibt
7 3 F (o~GalCer) wH[EEE L /-¥4, IFN-y
DEEAE PR E O GRS TF A P EALIC 72 5 DITHR L
T, o~GalCer % HEIF G- L 72854 1C13 IFN-y D
APMET L IL-10 EEA DB/ 5 & PGS
N7, Fxld, CD1d U AV FOMHEES & [F%
OFAELT-LTHB E LT, URY—4 (AL
fREH72v) OFHE%E 27/=. £, CDI UH
VERHDODAAZYRY —A%EHL, Thx [
EHE Y Ry —A] L. U AL CDId
DAYV FOKEWR, ETRERED R Y — A%
DRPICHEG- L, 24 IR B O B $2 7~ il i
Td % CDllc 54 DC, &KICH D Ol & B220
Ptk B fifld & CD1Ib Gk~ o717 5w — VU Z %
NHEEL 7o, RIS PURT M & 5~ A
2 HF5H L 72 INKT #ifid % in vitro TILE: 2 L /c
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CD11¢"B220*#if@ ENKTHIRRD & TIL- 10N EE SIS
IFN-y IL-4 IL-10
/ CD1dLKE & \ 24h[np —] ND
or CD1dL 48h —
/ CD1dL-liposome - KEE  |[72n —
{D ip. CD11C cD1dL i;: | ND
liposome |, ——
24 h 0 50 100 150 0 50 100 150 0 100 200 (pg/ml)
| cora [ = i
Spleen cells B220+ % o - =
CD1dL o b S
liposome |, I D —
0 50 100 150 0 50 100 150 [ 100 200 (pg/ml)
f*'cn11c++NKTca& oo [ ] .
CD11b* ™ e o .
— B220+ * NKT cells l(;mdl_ an| wo o o
« iposome |72h| np ND ND
\ s CD1 1 b"’ + NKT cells 0 50 100 150 0 50 100 150 0 50 100 150 (pg/ml)
X 2
%, BB EEROY A FAOA VELERRNG. FO IZi, IFN-y, IL-4, IL-10 D\ ¢ bl S p»
f5 %, CDIllc 5% DC % HLli $E =M ic f v 7235 Stz DLEDORERD G, #HE KEHIREE T B #l
FIZIE, CDId UH v FIZKBEHR TH URY — Ak Rl D A £ e\ CDId UV B, URY —

T4, IFN-y, IL-4, IL-10 B4R % (3T RS 2 AH
L7z (M2). &ECAHAPREFEY Ry — LY
STz AR B220 54 B i 258 LR S s Al i
DOEETIE, IFN-y & IL-4 FEARRD N IL-
10 EAEOABHE SN/, M, CDId J v K
KB %P G-I njz~ 7 Adisk B #ila T4 IFN-y

AETIEBMENICIRYDAEN, ZOHKD INKT
Wl s OSEIC LD IL-10 % PEA T A Bk DR
hi- (K3).

FeEEfE ) R — LDEH) B RO T
RIZ, FEHEIREY Ry — AOEMICK 5 B Al

Y IL-4 FEEDRD BN o 72, IL-10 FEAE D Y7y F O T 7. RERIEY R — A%
FAERICEL KIEWZ EDBL IR -7z —T, 5L 7o~ AW E A+ B i % % B A FliE O 1T

CD11b Gt~ 7 07 » — U PR ~Mila D% &

Ko TREE L@ OMERIC T, thin%
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CD1dYHUF
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iNKT fifim & 365538 U 75 R, IR E oM & o
HREFRIC I 5 IL-10 EAREPRO TEHW I &%
s, W, COREEMIEHICIE B Mok
T & 30#3 B (mariginal zone B ; MZB) flifigs3 4% <
FENTWAZ ERHMOLNTWAS. KICT, MEB
0 A CD21 ik & CD23 Hifkic L Ayt &
V—F 0 V712 kD MZB #ilffafE Td A CD21hieh
CD23'v B ffifid & Ji§fia f& (Follicular) B i fa % T
& % CD21'ovCD23hish B fififla r = Z N BB L,
iNKT g & O IR 3E % 17 - /o f5 R, CD21hish
CD23v B ffifid & 7235 512 IL-10 EEA 28 @\
EREDH BN, MZB fMifid CD1d # &3 H L T
WAHZ ERMEINTWA T &6, fuEHmEy R
Vo — L% fREPICE D A A 7S MZB fifgiE, &g
K CHIfZEmEIC CD1d U 4 v F ##/R~ L T iNKT
M & DOEEHIT k> TIL-10 EAEAFETELH
EIREE I N

w1 DC O

I, REHEYRY — AR IAA B
Al DC OFFEIZBIG-4 % nJREM: 2 BRGE L 72
< v AWML & D MZB Ml A & T EEE B Ml
EMARBL, FEHEY Ry —A L HERE, <

CETBALKL. 3 HER, P&+ O CDlicly
CD45RBMeh fififfa a7 10— 4 F A —2 —TEH L
7o, ZTORER, av ro—LoMilaziEETRA
U727 AT, SRy Ry — L% ] ik
FHRIMEEZETBAL ST ADIA, CDIlcly

Ao8—a4%210

=0

CD45RBreh {3 DEIG LI b2 T\ 5bH C &R
OHNI. Fo, REHIEYRY — LML/ B
MiAa®&TB AL <Y AHFED CDlIckY
CD45RBhigh {9 A1 13 TL-10 52 A 4A A i < F 5
LCwiz (K4). &7, Milazkm E45 T MHC
75 AR BRI FREOFE B CDI11cheDC H
NTENWZ EHBDOEN/z. S BT, invitro T
LPS #J3# L 7= CD11chiehDC 73 IL-12 % pEA 3 5 D
IZ%F L C, CDI1l1clvCD45SRBher #lfaid IL-10 O A&
FEEAELZ. DEOFERE XD, CDI1lcvCD45RBhi
ML HEHME DC Th D, MfuRm IL-10 254
RO D, FEHIEY R Y — AR AATZ
B g, #iC MZB Mg IL-10 PEAIC K - TipE
SN BHATREMED R < TR S e

N DC (C & ZHIEME T MO 2 {LFEE

&KIZ, CDI11ce*CD45RBMNe'DCreg @ Treg 5 E BE
iRk 9 A HE2 LT OEBR A 1T - 72, CDIl1clv
CD45RBMehDCreg I OVA 5 A Bt 0 A & /7244,
OVA F %19 DO11.10-7 1 — 7/ CD4 [5G4 T filfig &
R LT, Treg DFEREA I/, ZORERER,
WAL C &7 CD4 B5M: T il CD25 & Treg @
~ AR —i&{nf Foxp 3 w3 H L, IL-10 & IFN-y
O F AL TWDH T EaRD/. T CD4
PEMIIED in vivo FUIKPEAINHIZY R 2R T 5729
2, COfifdA BALB/c <7 AICE AL /44,
OVA 7 5 A THIE L 14 H# O 1 IgE, IgGl,
IgG2a fiiiAflix z N ENPEL /=, TDOFER, IgE
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CD1d)AFZEYAATCD11cB220" (ELL E#ARAEE (X
CD11c'*vCD45RBhe {ifa% K& 4 3
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LD-B ceIIs 100 ng/ml, 18 hr
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CD21high

D
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0+
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v -(CD3, CD19, CD49b, Gr-1, TER119)
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m 10" 102 10° ot
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+CD1dL
cD11c  IL-10R
X 4

CD11c"v CD45RB e #liil [ Foxp3*CD4*CD25*#il % in vitroCERE T 5
RT-PCR

RAG2-/-DO11.10-CD4* with OVA-pulsed CD11c"igh DC APC: CD11c" CD11c¢°CD45RB"

1004

0.33

T Ty 3 Ty v
10° 10! 10 10* 10t 10 10 10

RAG2-/-DO11.10-

CD25

100

13.2%

PREADPBREICHHISNS Z EHBOBEN-.
7= I1gG1 & IgG2a HLiRIIH E Tid e\ & O OIFIE
RO BN,

MERFENRZEHIE ) K —LICLD
in vivo IgE FUAEE £ 1

KIZ, EEHE Y RY — A EPROFIEIC X -
T, AKT Treg aFE L, PUAELZIIE T
It ip e BEE L 72, RERHIR D Ry — AO WIS
YR 7 )V~ 3/ (ovalbumin ; OVA) EE'E A~ #H A

DO11.10-CD4 T: + +

Foxp3

IL-21

G3PDH

CD4* with OVA-pulsed CD11c'°**CD45RB"ig" cells

IL-4
IFN-y

L 725 H# OVA VR — A%Z{F# L, BDFl <
v 20 1 [\ 3 GBI DR Gt o T Rk
7 5 1 I K CD4 Btk T M A [Ee L,
OVA /AL Bl & o485 3 % 1 8
fT-7-. B4R L 7-#ifa > CD4, CD25, Foxp3 I,
T T U 7oRE IR, RIEHIE OVA U IIRY — A5~
v AR CD4 5P T Mifias &340 L 7-fifa+ <,
CD4+CD254ehT #i 1%, Foxp3 #BMICHH L T
W, 2O IL-10 & IFN-y Ol i #fEA 4 52 &
HRDHLNT (K 6).
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FIZFEHIE OVA U R Y — A 5~ AdhkD
CD4 Ptk T il 25 Bt A o A NG M 2 7 4 20 5 2>
T W AE 4 A 7%, DNP-OVA 7 5 A TIEIEL 7=
BDF1 ~ 7 ZICfifld% #%& % A L T, DNP-OVA
PURF % UV OBROPUAREARZRIE L 7. ZOREE,
IgE, 1gGl, 1gG2a Pifk & CTOINE NP BEICHHI S h
5T EPHER SN (KT).

KIZ, BDF1 <7 A% OVA L7 5 ATHRIZEL /-
%, CD1d U FKER E /21305265 OVA U
WY — LT EENE S L, ZO% OVA Bl 7 —

A& 2[BT > 7. ZDRER, OVA 7 —A FRIC
LRI B 2K, 3K OVA FREE IgE HiikE 4
O_EFIE, CD1d U AT v FKEH G- Tl sl < =
RN, REHIE OVA UKy — AHGIC L D 5ES
ICHIHI 5k aRBDIe (K8).

¥ & &

CDId YAV F (213 o—GalCer) #&HT 5
gl ) Ry — A1, CDId U AV FAREBK &1
D, MZBfifao & 5 7« CD1d & HMAiEic &

WHiAEN, CDId U AV F % INKT fIfIC R
AT EIC LD, INKT-MZB 24 2 H7 L IL-10 2

11 EhFETELT EPPOPICR - 72, IL-10 @
0 1
liposome &z
g 5
CD1dY)# >~ FOVAURY —LDIEMHIH R FRYIE#FEND
o CD1dL-OVA-
g liposome
cD1dL- & 2 L y
liposome & == OVA alm ova ova
8 = D)) EYY M N
E 16 | ~O— saline (n=5)
E, ~@— aGC-liposome (n=5)
o o f —@— aGC-OVA-liposome (n=5)
CD1dL-OVA- & a |1 s
liposome § TM’ 5. *p <0.05
10" 10' 10° 10° 10 <
CD4-APC day0 day14 day49 day59  day125 day132
X 6 X 8

Foxp3*CD4*CD25Me i [ — R K ELEZF EICHFI TS

‘i.p. Injection of samples, i.p.

T T T
BDF1 mice 0 7 days

CD4*CD25* T cells (1 x 107 cells)
DNP-OVAinalum#1  DNP-OVA#2 DNP-OVA#3

-@- Liposome-treated cells (n=5)
1o & o GC-liposome-treated cells (n=5)
H GC-OVA-i treated cell.
Anti-DNP IgE 5 - +(cr'|=5) iposome-treated cells
(ng/mi)
0
14 39 55 88 96 days
1000
Anti-DNP IgG1 o
(ugimi)
0 ;
14 39 55 88 96 days
. 40
Anti-DNP IgG2a
20
(ng/ml) *P<0.04
P<0.05
0
14 39 55 88 96 days
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Mechanism for the development of regulatory cells by
immunoregulatory liposomes

Stagel  Stagell Stagelll
Target APCs DCreg Treg
development development

O ®.wv
DCreg
@GalCer-OVA \ - CD11c ‘ e
i

posome CD11c:B220° | .49
MZB cell
IR

HOEEEIC I\ T, CDI11cl"CD45RBhe"DCreg 73
FHE XN, RIC CD11clvCD45RBheDCreg 73 H1 A
DAt &, A —7 THilg% IL-10 & IFN-y
DI % BEHE 3 % Foxp3 Btk Treg M~ 41t - 14
JESE 5B ENVD—HDN) Ar— 2, HEHIEY R
V= LN K HHAEAIHIEE Th 5 2 L HVRKE S
niz (K9).

HAE, EHmEy Ry —Ls0a v/ i AFTE
WHEOBEANICH T 5 B2 6, AFIEHOEEH
JRTH % Cry jl /87 & Cry j2 /X7 T igin
TLHFEMICHEE LMz Cryjl/28b 5% VX7
e AL 7 $ A Cry j1/2 VIR — A% F#
L, YA A R BABBL T

L. AFEHm ORI N/ Cry jl TREIEL T
IgE Hifk % LR S H/-%ic, FEHIHE Cryj1/2 1
N — L JERENEE G- U 7856, Cry j1 B IgE
PUAEIZME T L, SHICKEE CryjlickbsF v
VIR L Th IgE HLiAlio EAITFED BT
. E I REHEIAE Cry j1/2 U RY — AR IOT
Bh L2 EICs, FRIC IgE Pikffiz €T &
5T EBRTE LI, SHROBEKIGHICK & RF
BhTFHNTW5S.
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