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Fig. 1-1 Requirement for vaccine development
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Fig. 1-2 Delivery of antigen and adjuvant for immune-potentiation
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Fig. 1-3 Accelerated blood clearance (ABC) phenomenon
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Fig. 1-4 Second dose PL was associated with splenic MZ-B cells and accumulated in

Merge

follicle. Following intravenous injection of PL 2 days before, fluorescence-labeled PL
was injected. As a control, fluorescence-labeled PL was injected without pre-dose with
PL. Twenty four hours later, spleen was collected. (A) Association of PL with spleen cell
was analyzed by flow cytometry. (B) Distribution of PL in spleen was observed under

fluorescence microscope. MZ: marginal zone, FO: follicle.

ZOXE I RERZIKTAMNIETIL, £ PL OV iR LikbGEICAEL S MZ-B
HMIRZ £ % PL OIERIA~DE A 1 = X LD 21T o7 (8 5), Hi VTR
BiZZ2FM LT, HUREA PL 2 MZ-B Hifld-Clgla~kEz 2 2 L1 kv, it
Ro3s % 13 U & 9 2 RIS (BF = F) ol 5 5 T Ml sk A2 U
D & F DMt E RN F) 2 H5R T & 200 8 9 et L7z,



51 FA TR

10.

11.

12.

Coffman RL, Sher A, & Seder RA (2010) Vaccine adjuvants: putting innate immunity
to work. (Translated from eng) Immunity 33(4):492-503 (in eng).

Reed SG, Orr MT, & Fox CB (2013) Key roles of adjuvants in modern vaccines.
(Translated from eng) Nat Med 19(12):1597-1608 (in eng).

Amorij JP, et al (2012) Towards tailored vaccine delivery: needs, challenges and
perspectives. (Translated from eng) J Control Release 161(2):363-376 (in eng).
Bachmann MF & Jennings GT (2010) Vaccine delivery: a matter of size, geometry,
kinetics and molecular patterns. (Translated from eng) Nat Rev Immunol
10(11):787-796 (in eng).

Lambrecht BN, Kool M, Willart MA, & Hammad H (2009) Mechanism of action of
clinically approved adjuvants. (Translated from eng) Curr Opin Immunol
21(1):23-29 (in eng).

Mori A, et al. (2012) The vaccine adjuvant alum inhibits IL-12 by promoting PI3
kinase signaling while chitosan does not inhibit IL-12 and enhances Th1 and Th17
responses. (Translated from eng) Eur J Immunol 42(10):2709-2719 (in eng).
Vandepapeliere P, et al (2008) Vaccine adjuvant systems containing
monophosphoryl lipid A and QS21 induce strong and persistent humoral and T cell
responses against hepatitis B surface antigen in healthy adult volunteers.
(Translated from eng) Vaccine 26(10):1375-1386 (in eng).

Vacchelli E, et al (2013) Trial Watch: Toll-like receptor agonists for cancer therapy.
(Translated from Eng) Oncoimmunology 2(8):€25238 (in Eng).

Krishnamachari Y, Geary SM, Lemke CD, & Salem AK (2011) Nanoparticle delivery
systems in cancer vaccines. (Translated from eng) Pharm Res 28(2):215-236 (in eng).
Xiang SD, et al (2006) Pathogen recognition and development of particulate
vaccines: does size matter? (Translated from eng) Methods 40(1):1-9 (in eng).

Tacken PJ & Figdor CG (2011) Targeted antigen delivery and activation of dendritic
cells in vivo: steps towards cost effective vaccines. (Translated from eng) Semin
Immunol 23(1):12-20 (in eng).

Watson DS, Endsley AN, & Huang L (2012) Design considerations for liposomal
vaccines: influence of formulation parameters on antibody and cell-mediated
immune responses to liposome associated antigens. (Translated from eng) Vaccine

30(13):2256-2272 (in eng).



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Butts C, et al (2010) A multicenter open-label study to assess the safety of a new
formulation of BLP25 liposome vaccine in patients with unresectable stage III
non-small-cell lung cancer. (Translated from eng) Clin Lung Cancer 11(6):391-395 (in
eng).

Fries LF, et al (1992) Liposomal malaria vaccine in humans: a safe and potent
adjuvant strategy. (Translated from eng) Proc Natl Acad Sci U S A 89(1):358-362 (in
eng).

Verma I, Pandey R, & Khuller GK (2004) Liposomes as adjuvant for
anti-mycobacterial vaccine development. (Translated from eng) Indian J Exp Biol
42(10):949-954 (in eng).

Kaur R, Bramwell VW, Kirby DJ, & Perrie Y (2012) Manipulation of the surface
pegylation in combination with reduced vesicle size of cationic liposomal adjuvants
modifies their clearance kinetics from the injection site, and the rate and type of T
cell response. (Translated from eng) J Control Release 164(3):331-337 (in eng).

van Broekhoven CL, Parish CR, Demangel C, Britton WJ, & Altin JG (2004)
Targeting dendritic cells with antigen-containing liposomes: a highly effective
procedure for induction of antitumor immunity and for tumor immunotherapy.
(Translated from eng) Cancer Res 64(12):4357-4365 (in eng).

Kojima N, Ishii M, Kawauchi Y, & Takagi H (2013) Oligomannose-coated liposome as
a novel adjuvant for the induction of cellular immune responses to control disease
status. (Translated from eng) Biomed Res Int 2013:562924 (in eng).

Sangha R & Butts C (2007) L-BLP25: a peptide vaccine strategy in non small cell
lung cancer. (Translated from eng) Clin Cancer Res 13(15 Pt 2):s4652-4654 (in eng).
Butts C, et al (2014) Tecemotide (L-BLP25) versus placebo after chemoradiotherapy
for stage III non-small-cell lung cancer (START): a randomised, double-blind, phase
3 trial. (Translated from eng) Lancet Oncol 15(1):59-68 (in eng).

Agnandji ST, et al (2012) A phase 3 trial of RTS,S/AS01 malaria vaccine in African
infants. (Translated from eng) N Engl J Med 367(24):2284-2295 (in eng).
Leroux-Roels G, et al. (2014) Evaluation of the immune response to RTS,S/AS01 and
RTS,S/AS02 adjuvanted vaccines: Randomized, double-blind study in malaria-naive
adults. (Translated from Eng) Hum Vaccin Immunother 10(8) (in Eng).

Allen TM, Hansen C, Martin F, Redemann C, & Yau-Young A (1991) Liposomes
containing synthetic lipid derivatives of poly(ethylene glycol) show prolonged
circulation half-lives in vivo. Biochim Biophys Acta 1066(1):29-36.

Senior J, Delgado C, Fisher D, Tilcock C, & Gregoriadis G (1991) Influence of surface

hydrophilicity of liposomes on their interaction with plasma protein and clearance



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

from the circulation: studies with poly(ethylene glycol)-coated vesicles. Biochim
Biophys Acta 1062(1):77-82.

Zhuang Y, et al (2012) PEGylated cationic liposomes robustly augment
vaccine-induced immune responses: Role of Ilymphatic trafficking and
biodistribution. (Translated from eng) J Control Release 159(1):135-142 (in eng).
Attarbaschi A, et al (2002) Treatment results of childhood acute lymphoblastic
leukemia in Austria--a report of 20 years' experience. (Translated from eng) Wien
Klin Wochenschr 114(4):148-157 (in eng).

Carstens MG, et al (2011) Effect of vesicle size on tissue localization and
immunogenicity of liposomal DNA vaccines. (Translated from eng) Vaccine
29(29-30):4761-4770 (in eng).

Dams ET, et al (2000) Accelerated blood clearance and altered biodistribution of
repeated injections of sterically stabilized liposomes. J Pharmacol Exp Ther
292(3):1071-1079.

Laverman P, et al (2000) Preclinical and clinical evidence for disappearance of
long-circulating characteristics of polyethylene glycol liposomes at low lipid dose.
(Translated from eng) J Pharmacol Exp Ther 293(3):996-1001 (in eng).

Ishida T, Maeda R, Ichihara M, Irimura K, & Kiwada H (2003) Accelerated clearance
of PEGylated liposomes in rats after repeated injections. J Control Release
88(1):35-42.

Ishida T, Ichihara M, Wang X, & Kiwada H (2006) Spleen plays an important role in
the induction of accelerated blood clearance of PEGylated liposomes. (Translated
from eng) J Control Release 115(3):243-250 (in eng).

Ishida T, Wang X, Shimizu T, Nawata K, & Kiwada H (2007) PEGylated liposomes
elicit an anti-PEG IgM response in a T cell-independent manner. J Control Release
122(3):349-355.

Wang X, Ishida T, & Kiwada H (2007) Anti-PEG IgM elicited by injection of
liposomes is involved in the enhanced blood clearance of a subsequent dose of
PEGylated liposomes. (Translated from eng) J Control Release 119(2):236-244 (in
eng).

Shimizu T, et al (2012) Intravenous administration of polyethylene glycol-coated
(PEGylated) proteins and PEGylated adenovirus elicits an anti-PEG
immunoglobulin M response. (Translated from eng) DBio/ Pharm Bull
35(8):1336-1342 (in eng).

Ishihara T, et al (2009) Accelerated blood clearance phenomenon upon repeated

injection of PEG-modified PLA-nanoparticles. (Translated from eng) Pharm Res



36.

37.

38.

39.

40.

41.

26(10):2270-2279 (in eng).

Kaminskas LM, McLeod VM, Porter CJ, & Boyd BJ (2011) Differences in colloidal
structure of PEGylated nanomaterials dictate the likelihood of accelerated blood
clearance. (Translated from eng) J Pharm Sci 100(11):5069-5077 (in eng).

Cyster JG (2000) B cells on the front line. (Translated from eng) Nat Immunol
1(1):9-10 (in eng).

Shimizu T, Ishida T, & Kiwada H (2013) Transport of PEGylated liposomes from the
splenic marginal zone to the follicle in the induction phase of the accelerated blood
clearance phenomenon. (Translated from eng) Immunobiology 218(5):725-732 (in
eng).

Litzinger DC, Buiting AM, van Rooijen N, & Huang L (1994) Effect of liposome size
on the circulation time and intraorgan distribution of amphipathic poly(ethylene
glycol)-containing liposomes. (Translated from eng) DBiochim Biophys Acta
1190(1):99-107 (in eng).

Bhowmick S, Mazumdar T, & Ali N (2009) Vaccination route that induces
transforming growth factor beta production fails to elicit protective immunity
against Leishmania donovani infection. (Translated from eng) Infect Immun
77(4):1514-1523 (in eng).

Hanke T, et al (1998) Immunogenicities of intravenous and intramuscular
administrations of modified vaccinia virus Ankara-based multi-CTL epitope vaccine
for human immunodeficiency virus type 1 in mice. (Translated from eng) J Gen Virol

79 (Pt 1):83-90 (in eng).



BE 2B BEE5PEGEMY XY — b oL R B~
B L IBIE~DEE A T = X b DR

B WS

UVRY —LFHA~DOF TV = OWFIL, OO~ n7 7 —Vlc &
HYVRY = AOERLHWM Y iABLEG I ER T, R =F L7 Y a2—/1(PEG)
LDV RY —LOREEMIZ, ZOXIRITTV=rOWEE~I T 57—
VNICL D AR EEST HHENRGIEO—D2>THY, PEG Effi) R Y —2A
(PL)IZ in vivo IZBW TR P #E L2 ~9(1-3), 2072 PLIX, AE LK
WO A IERE TX AE WL EL AT L L LTINETITEELS Ao
T%f:o Lﬁxbfmi b, Fx %’1&@%%‘%%%@%&¢ XV, PLZE#EYIRLES
L7561 PL o B i En Kb, g PL S EICERET 5 2 &0
B 5 7> Jfﬁo T % (accelerated blood clearance (ABC)Hi4) (4-6), ZHE TD
a6 (7, 8), HaIFKDE IR A I =L T ABC BN 5 EHEEL T
W5, £9. YEERS PLIC X Y EIES G S THL PEG IgM 3 #FE S5,
BN TE A ZICHRE SN/ 2 B H#% 5 PL 128 PEG IgM 2354 L. #ifA R 215
ML 5, TOREE, 2B S PLIFFRO~7 27 7 —JIClVAENTL
£,

— 7 CHWRIL, AT SRR D R SOSIZ B 53 A EE A2 R Y N
kT H 5(9), Mg X I, FRMEE, S0 AEED DAL = 7125 (Mlustration-1),

MARGINAL
ZONE

Bob Crimi

Illustration-1. Splenic white pulp structure of mouse. (9)

10



PR IZEA Lo 02 < 1, Wiz E Y | 0% &2 U TR~ & i
AT, D CITMFERE ME T35 72, ATk CHife S
< WEFICRET DB~ 7 10 7 7 — U0l BMZ-B)fic k-
T, MIORERICHFE SN D, MATHEGUR & FERIZ, VARY =Lk EDF
VKA BN L o TR SN D Z N LB TVWA(10-12), FIRNERE:
Sz PLITMEBEANIZ 38\ T, EICER-ORMREIC ST 2 2 L0l ST
W5 (13), Mz THF~iE, PL A MZ-BfazZfl L. §t PEG IgM DpEA: % 5|
IRZIFTZELEERELTNDA4), 26D LD, ML, FFiZ MZ-B ##
Ja2S PLACKT AR B W TEHERERHZ R L TWH EE 2 BND,
BLIRYEVWNZ L2, 2 H-5 HOHKGMECTPL 280 K L& 5 LERIC, 20 H
$e 5. PLIZWIEIF 5 PL L 0 & IEHIIICER D IAEN0T < b 2 & i
X5 A L7=(15), I 2. C 2 [B1 H #5- PL 1%, B iR O K85y %15 8 2 8 B(FO-B)
AR TIX7e < MZ-B MAIZIEIRICHE G L, oW CUfRm H DB~ L i S
N5 ELHBMNTIoTz, £z, 2 B HE G PL © MZ-B #ild~D#545 1% PEG
BRAICHFESN W, 202 &6, T PEG IgM 2/ L T PL i3 MZ-B #f
JaEfEaLizEEZbND, £DOH PEG IgM (213, B fifg EIZHEE9 5 R
IgM & L HIZ AW EN B 5WH IgM O 2 FENFEET 5 L& 2 615, Bl
FIZRBLT 591 PEG IgM (3E#2 PL 56 T2 508 LvZv, — 5 TIHIRIC
BWTIE, PL 23R OH PEG IgM oAk & & Lo &K+ D FEE T CHFigIC
HBYUIAEND Z ENEEICH LN > TW5(16), £7- MZ-B fifni., ATt
JF & BURITUAIE R OE A RO OFUR & fEE L, I HIE(EFEDC)~ & fiiik
THZEDRESNTNWEAT-19), TD1=d, I OH PEG IgM ik %
/LT PL & MZ-B Ml & OFEGDBFHE STV D AT EV, LA L72RR
5. 2EEHSPLAMZBMAE DX HICHE L., IBa~LHEESh DM
DUNTEEIEE 5 Tl

% ZCARMZETIEL, PL & MZ-B Ml & OFEA OFEMIR A = X L E2 5N
T 57T, HEALE T >~ N & PLALE T v~ NHERO M & miE %2 H T in vitro
IZ31F 5 PL & MlEAtIE & OFfE A KR Z1T 72, AT, PL & MZ-BAtja & @
in vivo [Z81T B 60, PL Ol H BB ~D gk 2 & IE 35t PEG IgM @
W OWTHE LT,

BH EBRG

F—H RE-BY
KEBERMIPE AR R 7 7 F L2l »(HEPC), 1,2- AT 72 A )b-sn-7 U+
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-3 HRAFREH ) =L T Ivm[A (R =F L7 U =—)1)-2000]
(mPEG2000DSPENIZ A ICGER, AAR) LSRN bOEHEHLE, 21L&
7 — L (Cho) T M TE(CRKIR, BAR)DLLHEAL &,
DiI(1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine  perchlorate .
Ex=549 nm. Em=565 nm)/Z% Life Technologies(CA, USA) L WAL=, =D
i DFAFITEI U I3 2 A L, FEBRICH W, Wistar £7 > (. 89
i, 200-300 @)L A SLCHF, BA) X WA L7,

BIE VRY—AOFRH

PEG f&ffi U &~ Y — A PL)ORRE T HEPC : mPEGsz000-DSPE : Chol=
1.85:0.15 : 1(FE/NVE) & L7z, £7- PL OENENEE AT 254, IREK
~—H—Th2D DIl %V UIFEICH LT 1%(EA) ERD LD bﬂzt Dil-PL

ZPRIL7Z, VAR Y —20880%, Bangham EI26E-> TiTo 72, £ EitofiE

BRI 72 £ O ICRBRE ICIEE R 2 &) > TR L%, n—2 ) —=
/\TJ‘ L—Z—%2HWTHEHIETF T aai Lz mE L, IBEEFEZ R ST,
&z, HEPES buffered saline(25 mM HEPES, 140 mM NaCl, pH 7.4) %
BRI AT, MEME L 5 (65°C, 2 REEIC L W IR A /KFISETYRY — L%
L7, SNV RY—AF= I AR a—F—%2 T, EFNMET.
400,200,100,80 nm O AR U 7 —AHRF— K 7 ¢ /L % —(Whatman Nucleopore, CA,
USA) % LT, K%K 100 nm [ZFHFE LTz, FHEELIZ Y R Y —AORL 142
IZENA) Y EELEE(NICOMP 380ZLS. CA. USAIC X WHIE L7z, £7-. sHflL
72U R Y — DEIERD ) VHRERIE % Fisk& Subbarow (2 & 0 HIE L 72(20),

H=TH HBMREREROFEE - 7ua—% A F A Y —#T
Gentle MACS Dissociator (Miltenyi Biotec GmbH, Bergisch Gladbach,

Germany) D~ = = 7 JWIZHE - CMUEAR Ao R IR 2 g5 U 7=, FlY) U 7= feufigeim i
% 0.5%EDTA/PBS Wi A-7- C F 2 — 7 (Miltenyi Bioted)|lZf L THRE D
FA XU, FlARmERE, BEfA0.883% HALT =0 AR EZMZ T 5
SHEFET L2 LI VLS, A LR - fagEstix, B2
kL —7—(100 pm. Becton Dickinson NJ, USAIZ LV HLY BT, F7-5
JaEM %2 383 5729012, FITC #Z#%Ht7 v b IgM Fiik(American Qualex
International, CA. USA)% fv \"C#'“@ L7-GE Bl - IgMIIEgatlve JE N B
i : IgMlow, fx4: B flifid : IgMbieh), 7 o —H%1 kX h U —HEIZIL Guava
EasyCyte Mini System (Millipore., MA. USA) % Hv . fEHTIZI i WinMDI
version 2.9 (The Scripps Research Institute, CA. USA)% v 7=,
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$8D0IE In vitro |281T % PEG &4V R Y — A L M & O E/ERARIE

PL(0.001 pmol U U fEE/kg) %7 v MIHEARNE S L7z 1-14 HRIC, MiF
B L O Z B U7z, [FERICHEALE Z k2> 6 i 36 K OVElE 2 B L 7=,
ZNENOIMIEIL PBS Z T 20% AR U, Mgl EFL o 5iEIC X 0 ks
WIRAR U2, E MR L7727 v M ifniE(0.25 mDIZ Dil-PL(0.4 mM VU > lRE
0.25m)Z Mz T, 37CT 15 5IA v FaX—2 a2 Uiz, T, MR
(107 cells/ml, 0.5 mDZEIZ T, EHIZ3TCT30 A v Fa— gL
77. FITC 3%t 7 v b IgM bk &= W L=k, 7a—H% A F A R U —
Z W T, Dil-PL & &HfasER & OFE AAEH 2 it L7,

Dil-PL & JWligtiica & O BEAERICE T 24RO LBV 2 /MR T 5729012, 1L
6% 56°CT 30 /7ML L ik Z AIEM L L7, £7-MiE i EDTA iR %
Nz TRIEIEMAL 2 FLE U7 (BB 5 mM), Bl hiks LT, migic> ¢« =
— VIR & N 2 TR 2 1 S B 72 (BofR £ 15 mg/ml), — 5 C, Dil-PL & &
e & OFEAER I T 580 PEG IgM O VLB 2 MR T 572012, LLaj# %
MERR L7z~ 7 250 PEG IgM € / 7 v —F VHiRQ21D) & M5 20z 7= (i i
E 50 pg/ml)), 2> hbe— Lt LT~y RAar ha—/)LE /)7 a—F )b
IgM(Sigma Aldrich., MO, USA) % H\ 7=, & ToOAL 1 DII-PL & OIRAHIIC
1T-o7,

BHIE  RIRRRRE) A OFRR & R

[EUY L 7= il %2 OTC =2 737 > R(Sakura Finetechnical, Hil, HA)H|Z
AL, — 81 CTHfs &z, WS Mg~ o., 7744242 v h(Leica
microsystems, Solms., Germany)% H\\TC 7 pm JEOHEG F Z/ERL L 7=, M
kRN IZ 31T 5 DIiI-PL 0434 %, B EE BZ-9000(Keyence, Kfk, H
A) & FWTEIZE LTz, DIiI-PL O3 A #ifg 2 Hufs Lotk BAGYIA 207 & b
THEE L, FITC f£i#&Ht 7 > b IgM Hulkz2 HW T Lo, Gefath, dotBamg
B2 IV R NG 2 e LT,

FATE  In vitro (21T 5 PEG Effi U & Y — A & JEIBKERR & O E/ERAIE
PL(0.001 pmol V U IEE/kg) %7 v MIFRNE G- L7z 5 BRI, MigE &
OV Z B U7, [ARRICIRALE Z » R 2B IiE R X OVMigZ [ L=, Zh
ZNOIMIEIL PBS 2 HWT 20%IZA R L, EELoFEIC L0 gt i 2305 L
2o TR LIZT v FTE(0.05 mDIZ Dil-PL(0.4 mM U VU l§E. 0.05 ml) %
Mz T, 31CTI5 A v Fax— a3 Lz, HEWT, 20 DRAERIKE
PRI S AN 2 T, & BIZ=IE T 120 0l A o F 2 ~—3 3 L7z, FITC £k
7 v b IgM $uika IV CHu e L 7c %, aORBRMEE 2 v TR & Dil-PL
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EOMANEH 285 LTz,

BHIE Invivo lZBIT3 PL & MZ-BHijL 0MAEEFHIE

PL(0.001 pmol YV V5B /kg) % 7 v MIEIRANHE L L7 0-7 HZIZ,
Dil-PL(5 pmol U »f5E/kg) % ErlRNEE G- LTz, 3 5- 24 RE £ 2 M8 2 (A1 L |
B o RV % & R L U 7=, Dil-PL & MZ-B e & O AE/EH %2 7 o —H A &
A MU —THIE LT,

HFI\IEH In vivo |21} 5 iEEE DR

PL(0.001 pmol V > f§&/kg) % 7 v MIEIRNFEES L= 5 Bi%I2, 1ig %A
W U7z, FIBRICEEALE T >~ R b iEE R LT, £3°, 22 oimiE(2.5 ml)
HALE T v MIERIRN& G- LTz, 5 2312 DII-PL(5 nmol U VFE/kg) % &%
ARA PR G- U7, 24 RERIZ I I [BIUL U, IRt A fe ik 36 I OV RskEL Rk B
RS 7=, Dil-PL & Jéfgiiila & o AERHAZ 7 e —% 14 A MU —THIEL
7o F7- DiI-PL O MlgHELAR PN 5370 2 dOGBAMERE 2 WV CTRlgE LTz,

BIVR  HEIFERIARAT

B TCOMEIT I AR RFE TR LI, MEFFINAEIT GraphPad Instat
software(GraphPad Software, CA, USA)% F\ T, two-tailed unpaired t test
ZATVVE-M L7z,

BH RER

#H—IH PEG &fiV AR Y — L L EEHRE © in vitro IZBIT A HAEERICKFE
T ILE DR

* 9. in vivo & [AIEEIC in vitro (2B W T PEG Effi U AR 7 — A (PL) 2 U iEAl
FZAERT 2008 9 DIZITHOWT, GO A DS CThist L7z, PL %
BeH- L7z 5 Hig, K E Mg 2RI L7, mMiEDOFE B X OIEFIE Pz
T, lgiln L 2Ot RFETEGHR L PL C2BALTA v FaX—va Lz
(Fig. 2-1-A), MIEVBFEL 720 GE6E S L ITIELE T > b O MIEFE T T,
PL O Wlgfila~ofE ST g2 SN o7=z, —F T, PL 25 LT v M
S5 LN MG DFLE FICB W T, PL OFlEMa~DOfANEBEZShi-, 2D
ZEiE, PLELGIZL > THEINTM OO MIGKRF25, Ml & PL & o
A BEG 25 EERBE LTINS,
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Fig. 2-1 Effect of serum on association of PL with spleen cells. Spleen cell suspension was
incubated with fluorescence-labeled PL in the absence of serum (filled histogram) or in the
presence of serum obtained from either PL-treated rat (thick line) or naive rat (thin line).
The association of PL with (A) entire spleen cells, (B) MZ-B cells, (C) FO-B cells, and (D)

non-B cells were analyzed by flow cytometry.

fe T PL 2Nifgdr BMZ-BAIIICHE G LTV D0 2R T 572012, ek
% FITC #Ei#kH17 v b IgM Pk TR L THBELTZ, PL 25177 v
B4 5N IMIEDOFFE FIZB W T, PL X MZ-B fiJRIC 2 &ICK A LTz
(Fig. 2-1-B) , L22L72223 5, [A L& Tz W T PLIZJENR B(FO-B)fila <"k
B fifnlciZ & A EREA Lrhr o 72 (Fig. 2-1-C,D), 2B OFEEN 6, PL#EI
Lo THEEINMEDOMIERFA PL & MZ-B fifid & OfE S A2FHE L TU
HTENRBINT,

B _IH PEGEMiV Ry —2L LFEBE A & OMHEERICRIETIMEDORE
WRAZ g ) v %2 B CLin vitro (23881) 5 PL O Mg d ~D & 2 5l L 7=,
MEALE T > b HSEO MR 2 /ERL L /=% . MG OTFAE F CHotiZik L7= PL &

15



EBITA v Fa_X— g Lz(Fig. 2-2), EAE T » MEEZRNLTZHBE.
L]~ PL OfES B SR hotz, LxLAN S, PLAET v ks
SELNZMIEDFIETICBWT, PL OfE 0N BIE SN, 512 PLITdE
W I T2 LTz, BARTIH S22 E 72> Tz in vivo (28155 PL @
MZ-B #fi~& IR 2o G OB & LMt &8 L3 0 &0 ) iy O fif
FIEMMEE OB SR EZ BN Tz, L L, SRIOFENS . M & X%
72 <. PL DU OMIBICRE G325 Z LRSI,

PL B cell Merge

Fig. 2-2 Effect of serum on association of PL with spleen section. Naive rat spleen was

Naive rat
serum

PL-treated
rat serum

collected and then spleen section was prepared. Then, the section was incubated with
fluorescence-labeled PL in the presence of serum obtained from either PL-treated rat or
naive rat. The association of PL with spleen section was observed under fluorescence

microscope. Bar represents 100 pm.

B=IH PEGEfiV &Y —2, & BB L O AEERICRIE T MFmE DR

FREORF B | in vitro IZFE W TILE KR F2% PL & MZ-B #ifld & OF5E 512
B35 LR ENTZ, VT, PLALET v bSO TG % ALE T o
F~EET 52 & T, PL & MZ-Bfiia & OFEGEFHET D00 E 9 Mo T
Bt Uiz, SEALE T Mg 2 iE L=, 806 L7z PL 28RS L
72 PLALEZ v NO M4 @iE L7 6. PLIL MZ-B filila L #E& Loy, %
L& T > B LE O IS A 2 HE L2 - 7-(Fig. 2-3-A), £7- PLALES
v MESCHEALE T > MYE A2 L2 A BV TH . PL IE3E B MijEe
FO-B #liCiE & A A L h» 7= (Fig. 2-3-B,0),

In vivo IZBWT PL % 3 HOELEMRT 2 B E L6, 2 FIHES PL
VR fk AR 2> BB AGE S D Z E RSN TV D, £ 2 THEWVT,
PL W& T v R DAL MG 2 BALE T » h~yEd 5 2 & ¢, PL Oz
~OEENFEISN D0 E I DO THE LT,
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Fig. 2-3 Effect of serum transfusion on the association of PL with MZ-B cells and the
distribution of them in naive rat spleen. Serum obtained from either PL-treated rat (thick
line) or naive rat (thin line) was transfused into naive rat. Then, fluorescence-labeled PL
was intravenously injected. As positive control, fluorescence-labeled PL was intravenously
injected into rat treated with PL 5 days before (filled histogram). At 24 h post injection,
spleen was collected. The association of PL with (A) MZ-B cells, (B) FO-B cells and (C) non-B
cells were analyzed by flow cytometry and (D) the distribution of PL in the spleen was

observed under fluorescence microscope.

BLERVENZ L2, PLALE T v Mg 2 MEALE 7 » MCiayE L, 2ot PL %
P L7ea . PL OigEIE~0FBF A L T =(Fig. 2-3-D), — 5 T, &
BLE T v MG DIEIZE D X O REEOWEM A | & Z e o7z, PL A
MZ-BHJa L A L TWA Z &, £72 PL A BE TIIR<ERICER L =
Z e PLIZIMIER FOFEE F T MZ-B AL S Lo, JEcitsn
meEZLND,
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BINE PEG &MY &Y —Lb L BEHMR L OHEBEERICKIZTFIERS PLIC
X % g E D 2

#E] PL #5102 X D gD &AEIZ L v . PL OB IAHRITED D RIREMED & 5
MZ-B #ifa LA PEG IgM SR E AR OZ RO RENEL L, PL &
MZ-B #ifa & OfEA I EE 5 2 DR H 5, £ 2 THi\ T, Yl PL T
DIEAE LT Mgz T PL & OfE A EBRZIT>72, PL %7 v MRFIRNEIZE:
U CRAE L7 %%, Mgt i sk 2 i 8 U . ImyS A7~ CHlsAife & PL & & A
VX aRXR—T g LT,

(A) (B)
v ]
w ~
E -
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] °
© ]
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Fig. 2-4 Effect of spleen-sensitization by first dose PL on the association of subsequent dose
PL with spleen cells. Spleen cell suspension obtained from PL-treated rat was incubated
with fluorescence-labeled PL in the presence of serum obtained from either PL-treated rat
(thick line) or naive rat (filled histogram). Spleen cell suspension obtained from naive rat
was 1incubated with fluorescence-labeled PL in the presence of serum obtained from
PL-treated rat (thin line). The association of PL with (A) entire spleen cells, (B) MZ-B cells,
(C) FO-B cells, and (D) non-B cells were analyzed by flow cytometry.

Flal PL 512 & » T2 & AE L7256, BEALE S » MILGEFE T TIE PL &
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RIERI R & DRSS ITBIE SN o 1= (Fig. 2-4-A), £7= PL ALE Z » b L7
TEFC, HALE T » NEREMIES> PLEIEZ v b ElgHIIE~D PL Of5 & M BIEE
N7, LU, Wigo PLIEEOFRIZH 2 53, PL OFIEHIZ~DRE A
BIZEIF 2o T2, MA T, PLAES »v MILEFE T T, MZ-B Dk W
OHFMIZED 5T, PL & MZ-B fifld it & 3@l s n-(Fig. 2-4-B), —
A4 FIZBW T, FO-B Hif<c3E B Mg ~D PL OFE &1L 0o 7‘:0 -
D LG, MIEOREIERIAIL PL & MZ-B #ilfn & OfE S I E L 52 7202
EBH BN ST,

BHIE PEGEMY R Y —Lb L BEMRLE OHEBEERICKIETFIE PL #5%
53 S5 B R F ORRFE{LDOFE
MIE R 1 ORI 3 WX & — 2 BlEET 572012, #IA PL 50 1-14 A%
(RS &L VIS & [BIIY U 72, AR AR & S 77 E T Ca ek PL & 1 % =
R— g Lz, PL &AMl L oftA&EE2HIE L= (Fig. 2-5-A),

(A) (B)
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o
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Fig. 2-5 Change of the association of PL with spleen cells in the presence of serum obtained
from PL-treated rat at various time points. (A) Following intravenous injection of PL 0-14
days before, spleen and serum were collected. Then, spleen cell suspension was incubated
with fluorescence-labeled PL in the presence of serum obtained from the same rat. The
association of MZ-B cells (triangle), FO-B cells (square) and non-B cells (circle) were
analyzed by flow cytometry. (B) Following intravenous injection of PL 0-7 days before,
fluorescence-labeled PL was intravenously injected. Twenty four hours later, spleen was

collected and the association of PL with MZ-B cells was analyzed by flow cytometry.

In vitro I231F % PL & MZ-B #ija & ofi41E, PL#5 3 B OIIE DIEE
T CTHAENBEINSED, 5 HEOLOTHEGENEY —27 L2 0 | Zo%EGE
IFEAD L2, WIhorSoMmEZE AW z5H4ThH, 7 B #lae FO-B it~
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D PL DFESIXITE A LBEIN o T2, ZOFEA BEOREZIL, IRk~
WHE L TV A IMIEFH OH PEG IgM W2 L L FHE L Tui=(14), 20729,
MiEH OFL PEG IgM 28 PL & MZ-Bfifid & OFESIZE G L TWAH O s Lt
v,

77 in vivo IZBW T b AIEROMRFT 21T > 7=, Bl PL &% 50 1-7 H#&IZ, &
JerERk PL 285 L, 24 B2 38517 5 PL & MZ-B fiifid & OfE & &2 HE L
7= (Fig. 2-5-B), = OfEHE. in vivo I[CB W TIEWIE PL #5450 2 A#1C PL ##%
H U356 ORE S PL & MZ-BH#ifd & OFSGBIE I nGD, 3 H BICHS
BNE—7 L0, FO%EEEITED Lz, In vitro & in vivo (28175 PL
DENENREDIEVVN Z DX H 72— OFEWEE L SH0NnE LivZewn,

BAE PEG EfiV &Y —2» L EEMRE OMBEERICKIETRHER LU
PEG IgM DE%&

T, PL & MZ-B flifil & OFE &I T DA D MLEMIZOWTRR LT,
PL o455 H#IZ, Ml E g 2B Lz, fROIEH L2 BET 572912,
138 DI LCMIE~D EDTA OWMEITV., #fEOEEZF| ZiE Z37-DIC
T 4 A= )VOWMEITo T2, ZAD DML ZIT - 7= g OFAE FIZRBW\W T, i
AR & B AR PL & 2 A X aX—T 3 LT,

(A) (B)
150 p
150
£ g
o 100 f i
5 5 100 |
5 5
s B
3 Q
g %0 8 50}
@ 7}
< <
0 0
1 2 3 4 5 1 2 3 4 5

Fig. 2-6 Effect of anti-PEG IgM and complement on the association of PL with MZ-B cells.
(A) Following intravenous injection of PL 5 days before, spleen and serum were collected.
Then, spleen cell suspension was incubated with fluorescence-labeled PL in the presence of
(1) HEPES or (2-5) serum. To inhibit complement activity or consume complement, serum
was (2) inactivated, treated with (3) EDTA or (4) ficoll. As a control, serum was non-treated
(5). The association of PL with MZ-B cells was analyzed by flow cytometry. (B) Naive rat
spleen cell suspension was incubated with fluorescence-labeled PL in the presence of (1)
naive rat serum, (2) anti-PEG IgM and inactivated naive rat serum, (3) control IgM and

naive rat serum, (4) anti-PEG IgM and naive rat serum, or (5) PL-treated rat serum.

20



ZDOREF, MR OTEMAL DL ECHIAROIEEIC L Y . PL & MZ-B fiifid & ofk
ANKELAEFEINTZ(Fig. 2-6-A), Zix PL & MZ-B g & O A ITHIAD
VETHDLZ EERL TS,

X ORI WER LIz~ r 2 7 7 a—F 41 PEG IgM 21 % W C,
PL PEG IgM O EPEIZ DWW TR LT, ZOPLPEGIgM & LIz hr—
WV IgM OFAETFIZEBWT, MAE T ~ bR & BAAE T » Mg, 8
HPLAZRALTA VFaX—vag L, BLET v MijEic, 1 PEG IgM
EINNT 5281280, PL & MZ-BHIEE OFERFEI NN, 2 ha—
L IgM OFMTIEFHEE SN2 0o 7= (Fig. 2-6-B), BHBRIEWZ 212, A OHEAE
JRCTHDHENE T »~ NS 2 IE@ L L84, $LPEG IgM 2% ML TH, PL
& MZ-B il & OfiSI3BlE SN o2, 2D DOREEN S, PL & MZ-B
fi & DFES ZFHET H7-DI21T, HL PEG IgM L #iEDOH RN ETH D Z &N
B 52272 o 72,

HaHE B

ZHVE TGOS CAFAET DA, AE 7 & OIREURIC BRE S -,
JERRRE - WSRO PUR 2 EEER. b L IIHECHIES A LE D
D EFBI LT-t5, PURZ OISO RMBEIC LT 2 2 EARE ST
%22, 23), AWIZENG, NLOF /X% U7 Ths PEG Effi VU R Y — A (PL)
X, ®lEl PL &5 ICX» CTHE SN MIERFDEE FIZBW T, Wk
BMZ-B)#fa & A L, IBIRICEE SN D Z EBRH LM - 7= (Fig. 2-1, 2-3),
FMERTFOFTH, i PEG IgM k23 PL & MZ-Bffild & OfE &I K&
<E5T25Z LM -72(Fig. 2-6), 2D b, PL 240K LS5
L7234, 210 H % 5 PLIZHLPEG IgM iR 23 i & L CHREBE AR EZ R L.
Z Dtk MZ-B AT HHHE S NG0B DIEIICEE SN D 2 AR ST,

FUREDY B MR AT 2RI 0TI o iE SN TV 5, HUR M
DA, PURRFRF) B ilRo &0 B il FARMBCR) &I L CTHURICEERE S
THZENTEDH24), £, PR - FLEREEGEROLGA . PURIEREY B
B S . FEA L TCWAFURD Fe #ctT 22 B8 EE2 N LTS T 5(©25), &
BT, PUR - PUE - RO REEEEROLE ., fMEZEREN L THETHZ
EHTE5H(26), Frx OWFFEICEB W TIL, MZ-B #ild~? PL O EEFEGIXIFE
E A ER BT (Fig. 2-1). 91 PEG IgM #4272 THLEESITBE ST,
PLPEG IgM & iR O 7 3MFAET 58541280 T MZ-B #ifd~? PL 0% &7¢
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wanErsn(Fig. 2-6), Z0Z &b, 2 EAKE PLICH PEG IgM &
EOFES L TREBEERNIER SN MZ-BHIJLLEE L& NS, £1-,
PL & MZ-B fiffn & D#EE O#IMNCIE BCR X0 IgM Z AR THh 5 FepRI1ZIE & A
EFRELTEBLT, MiRZRIENEES LTSNSV, BCR O 531
EAERPoTRRE LTIE, PEG IZFERAY72 BCR 2814 2 MZ-B fllfak
DO Ipinolclzd EEZ HiL5, FepR 13 BHIEO BT D05, F ORI &
I MZ-Bfifa L v b FO-BHMAED T30 27), HL PEG IgM & KD FAE FIZ
BWTH, PL & FO-BMildE DfESIEbEVHBEINLN -T2, FepR @
ME1x 7wt Ez 505, —F T, MZ-B L, FO-B #fa & b L THifE
ZREEZ AT 2ACRDZEHFHI L TNDHZENEIIMBENTVS(28), D=
PL &£ 31 PEG IgM & RO GEE S RIL, MZ-B HIIRICEIRICHE S LI- &5
2 HID, PURNgMARIRORIEEGEROIERIT, IgM D558 I 41 5 Ml L RE
O S FENC A S, PUROBERA 2R ER X 6 72 DRSS OHERIZH
59 57-$(29), MZ-B flifd~0 PL OFEE1XZ OBLR & RO KIS & iFE T 5
yARRS) Lilﬂfﬁb‘

AIRELZ X D PUR OBE D Z & 22 W EIEE 2B\ TiE, PLALE Z > g
T?TTT\ PL@ &AL %L“C%?Z(Fig 2-2), £7- PLALET
N I Z i L7 LE T > M2 PL 285 L7234, PL X MZ-B fllfa & 5 &
L. JERICERL W =(Fig. 2-3), 2O &b, MZ B A ifyE OFET
TPL L#ES L7t PLAERICEXELZEEZOND, Ziuk, thosrsed
B -FHLTWAHAT), F/2, MZ-BHfRITELE T » K TH D720, #lE
5 PL 12 &% MZ-B fOFTEAET@mEICRER LW Z LRI, —
77T, MZ-B #ifa > CR2 ~® PL/PEG IgM/Aifkn & 72 5 505 E AR DO RS M
TENA~DWEES 7T NV EFET L5000, =% H MZ-B fifa I8l B T %
AT OPTIH ST, MOMFEHRE 2BV T, CR2 & %ODAX@MW%ZJ
CD19 DM EAEMAZAE L7-GA TH ., EESEROER~OEENFEI N D
ZERWEINTWAB0), LarL., CR2 BAOHMIMNY 72 HE L=
B DOEHEIZOWTIEEHE SN TR, —4 T, Cinamon HDOHMEIZL S &
CR2 Z R L7z~ A 2BV TH MZ-B Mg O~ £ 1382 S h7-(18),
ZFDI, GEEAIAN MZ-B il > CR2 ICH&T 5 Z LNl ag| &Lz
THOIFTIERNWZ ENRBINTWD, MZ-B OB EFICRET D EE XD
TV, HITOZEICBN T, MZ-B ML 70 A > O T, HEHHIC
Wighy LRI EZEE T 5 Z LRSI TV 5(31-33), £z, PL X MZ-B
Al &S A L7=1% . MZ-B AR O T 5 B 720 RS L 206 > CIE IRt Sz o
NH LI,

In vitro 1231} % PL & MZ-B fijd & OfE & 128V TIE, #)El PL#5 5 H%
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@Iﬁl%%ﬁimbfciﬁ?é\il\ fEAENRKIZR-7-(Fig. 2-5-A), — 5T in vivo
BT S 2EEHKS PL & MZ-B filfin & ofEA BV Cid, #E PL %53 A%

Z PL ##5 L7-3412 MZ-B Ml ~Ofi & B0 R RIC 72 - 7= (Fig. 2-5-B), ]
@PL&@5H&T¢&< SE% 2 [E H# 5 PL & MZ-B ffifn & ofEE N E
— 7272 o7 D%, in vivo IZE1F 5 2 BB 5 PL ORNEIRENRIA 2 L
720, ummmJW>;ﬂEG@M@ YN E— 7 L7 H4)E PL %5 5 HIZIC
PLAZEGT 5 &, 70%i< O PLAIRICERET 5 Z LA LNITR> TN 5D
(8), Al ~D PL OERENZL K 72 o 2728, il BHIZ Mg~ PL O FREA N -
'(MZBW@A@‘A%ﬁﬁwbkk%i%héo*ﬁf@@PL&%SH%

Z PL %5 L8548, g~ PL OF/EIT 40%FE TH Y . Mg~ ZHE
w%é&fﬁth/MZB%%A@#A%§<&6mt&%26m5 Se/A=4
7 =N X BB EROEY AT, PURKREICH T 5 IgM AR5
\IRIFT 5 2 ENME SN TVSH(34, 35), TDi=d, Bl PEG IgM &30 720
#llal PL $¢5- 3 B&ZIZHB W T, PLIZHEA LTV D IgM oMtk 72 < | IFligo
~ /a7y —UILKDEMIAZRN Dot EZBND, — ), PO
IZB W CIRIMEE DN IEF BV T29((36), IgM PR BENME< T MZ-B
ML PL A TE2o0d LivZn,

HAE., Bex 72 PEG &) R+ %2 W=D 7 F U9enithit T v . PEG
W%%/ﬁ%®lE&5&@¢W@muowfiﬁ%énfwaﬂEG%%%
JRiFE 1RIE THREG LA, F 2 hi® PEGALIZ X O EGEHALN D Y o
mA®?ﬁ@%ﬁéh\)/Am@ﬁhﬂﬁuiéf/ﬁ%®@@@ﬁﬁ%m
?é:tﬁﬁ%éhfméezs@oikPﬂ}%%%/ﬁ%%l@%MW&@
THZ LI, FIENICBWTH 2RI DR EA LT, UEFICEEL T~
7a7 7y —VICHIESND Z ERHE SN TS 2312, 39), EIIZEE S D

AbHbHEEINTNE40), — T, U7 FUREICEWT PEG Effi /) ki +

DV IR LG IEIMNELEEZ B, BVIRLEEREO T R0V ko
BATHES DM EH LN T H Z EITEE LB X LNDHM, %@iﬁﬁﬁ%ﬁ&
EETR, KRS, PEG B Y R Y — L OFARNE D K LG U R
Y — LD NGB AT IR DAL & DOREFE NI BT e o T2, ZH b DIE#R

L1 0 PEG Effi) /R FIZXKD YU 7 F BRI O L7y,

51 F TR

1. Allen TM, Hansen C, Martin F, Redemann C, & Yau-Young A (1991) Liposomes
containing synthetic lipid derivatives of poly(ethylene glycol) show prolonged

23



10.

11.

12.

13.

circulation half-lives in vivo. Biochim Biophys Acta 1066(1):29-36.

Senior J, Delgado C, Fisher D, Tilcock C, & Gregoriadis G (1991) Influence of surface
hydrophilicity of liposomes on their interaction with plasma protein and clearance
from the circulation: studies with poly(ethylene glycol)-coated vesicles. Biochim
Biophys Acta 1062(1):77-82.

Torchilin VP, et al (1994) Poly(ethylene glycol) on the liposome surface: on the
mechanism of polymer-coated liposome longevity. Biochim Biophys Acta
1195(1):11-20.

Dams ET, et al (2000) Accelerated blood clearance and altered biodistribution of
repeated injections of sterically stabilized liposomes. o Pharmacol Exp Ther
292(3):1071-1079.

Laverman P, et al (2000) Preclinical and clinical evidence for disappearance of
long-circulating characteristics of polyethylene glycol liposomes at low lipid dose.
(Translated from eng) J Pharmacol Exp Ther 293(3):996-1001 (in eng).

Ishida T, Maeda R, Ichihara M, Irimura K, & Kiwada H (2003) Accelerated clearance
of PEGylated liposomes in rats after repeated injections. J Control Release
88(1):35-42.

Ishida T, Ichihara M, Wang X, & Kiwada H (2006) Spleen plays an important role in
the induction of accelerated blood clearance of PEGylated liposomes. (Translated
from eng) J Control Release 115(3):243-250 (in eng).

Ishida T, et al (2006) Injection of PEGylated liposomes in rats elicits PEG-specific
IgM, which is responsible for rapid elimination of a second dose of PEGylated
liposomes. J Control Release 112(1):15-25.

Cyster JG (2000) B cells on the front line. Nat Immunol 1(1):9-10.

Demoy M, et al (1997) Splenic trapping of nanoparticles: complementary
approaches for in situ studies. (Translated from eng) Pharm Res 14(4):463-468 (in
eng).

Cho M, et al (2009) The impact of size on tissue distribution and elimination by
single intravenous injection of silica nanoparticles. (Translated from eng) 7Tbxicol
Lett 189(3):177-183 (in eng).

Zhang M, Yamaguchi T, Iijima S, & Yudasaka M (2013) Size-dependent
biodistribution of carbon nanohorns in vivo. (Translated from eng) Nanomedicine
9(5):657-664 (in eng).

Litzinger DC, Buiting AM, van Rooijen N, & Huang L (1994) Effect of liposome size
on the circulation time and intraorgan distribution of amphipathic poly(ethylene

glycol)-containing liposomes. (Translated from eng) Biochim Biophys Acta

24



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1190(1):99-107 (in eng).

Ishida T, Wang X, Shimizu T, Nawata K, & Kiwada H (2007) PEGylated liposomes
elicit an anti-PEG IgM response in a T cell-independent manner. J Control Release
122(3):349-355.

Shimizu T, Ishida T, & Kiwada H (2013) Transport of PEGylated liposomes from the
splenic marginal zone to the follicle in the induction phase of the accelerated blood
clearance phenomenon. (Translated from eng) Immunobiology 218(5):725-732 (in
eng).

Ishida T, Kashima S, & Kiwada H (2008) The contribution of phagocytic activity of
liver macrophages to the accelerated blood clearance (ABC) phenomenon of
PEGylated liposomes in rats. (Translated from eng) J Control Release
126(2):162-165 (in eng).

Ferguson AR, Youd ME, & Corley RB (2004) Marginal zone B cells transport and
deposit IgM-containing immune complexes onto follicular dendritic cells. Int
Immunol 16(10):1411-1422.

Cinamon G, Zachariah MA, Lam OM, Foss FW, Jr., & Cyster JG (2008) Follicular
shuttling of marginal zone B cells facilitates antigen transport. Nat Immunol
9(1):54-62.

El Shikh ME, El Sayed RM, Szakal AK, & Tew JG (2009) T-independent antibody
responses to T-dependent antigens: a novel follicular dendritic cell-dependent
activity. (Translated from eng) J Immunol 182(6):3482-3491 (in eng).

Bartlett GR (1959) Colorimetric assay methods for free and phosphorylated glyceric
acids. J Biol Chem 234(3):469-471.

Hashimoto Y, et al (2014) Generation, characterization and in vivo biological
activity of two distinct monoclonal anti-PEG IgMs. (Translated from eng) 7Zbxicol
Appl Pharmacol 277(1):30-38 (in eng).

Pozdnyakova O, Guttormsen HK, Lalani FN, Carroll MC, & Kasper DL (2003)
Impaired antibody response to group B streptococcal type III capsular
polysaccharide in C3- and complement receptor 2-deficient mice. (Translated from
eng) J Immunol 170(1):84-90 (in eng).

Karlsson MC, et al (2003) Macrophages control the retention and trafficking of B
lymphocytes in the splenic marginal zone. (Translated from eng) J Exp Med
198(2):333-340 (in eng).

Souwer Y, et al (2009) B cell receptor-mediated internalization of salmonella: a
novel pathway for autonomous B cell activation and antibody production.

(Translated from eng) J Immunol 182(12):7473-7481 (in eng).

25



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bheekha Escura R, et al (1995) Regulation and targeting of T-cell immune
responses by IgE and IgG antibodies. (Translated from eng) Immunology
86(3):343-350 (in eng).

Thornton BP, Vetvicka V, & Ross GD (1994) Natural antibody and
complement-mediated antigen processing and presentation by B lymphocytes.
(Translated from eng) / Immunol 152(4):1727-1737 (in eng).

Honjo K, et al (2012) Altered Ig levels and antibody responses in mice deficient for
the Fc receptor for IgM (FemuR). (Translated from eng) Proc Natl Acad Sci U S A
109(39):15882-15887 (in eng).

Zandvoort A & Timens W (2002) The dual function of the splenic marginal zone:
essential for initiation of anti-TI-2 responses but also vital in the general first-line
defense against blood-borne antigens. (Translated from eng) Clin Exp Immunol
130(1):4-11 (in eng).

Boes M (2000) Role of natural and immune IgM antibodies in immune responses.
(Translated from eng) Mol Immunol 37(18):1141-1149 (in eng).

Barrington RA, et al. (2009) Uncoupling CD21 and CD19 of the B-cell coreceptor.
(Translated from eng) Proc Natl Acad Sci U S A 106(34):14490-14495 (in eng).
Cyster JG (2005) Chemokines, sphingosine-1-phosphate, and cell migration in
secondary lymphoid organs. (Translated from eng) Annu Rev Immunol 23:127-159
(in eng).

Kraal G (2008) Antigens take the shuttle. (Translated from eng) Nat Immunol
9(1):11-12 (in eng).

Arnon TI, Horton RM, Grigorova IL, & Cyster JG (2013) Visualization of splenic
marginal zone B-cell shuttling and follicular B-cell egress. (Translated from eng)
Nature 493(7434):684-688 (in eng).

Atkinson JP & Frank MM (1974) Studies on the in vivo effects of antibody.
Interaction of IgM antibody and complement in the immune clearance and
destruction of erythrocytes in man. (Translated from eng) J Clin Invest
54(2):339-348 (in eng).

Litvack ML, Post M, & Palaniyar N (2011) IgM promotes the clearance of small
particles and apoptotic microparticles by macrophages. (Translated from eng) PLoS
One 6(3):e17223 (in eng).

Wennberg E & Weiss L (1969) The structure of the spleen and hemolysis.
(Translated from eng) Annu Rev Med 20:29-40 (in eng).

Zhan X, Tran KK, & Shen H (2012) Effect of the poly(ethylene glycol) (PEG) density

on the access and uptake of particles by antigen-presenting cells (APCs) after

26



38.

39.

40.

subcutaneous administration. (Translated from eng) Mol Pharm 9(12):3442-3451 (in
eng).

Zhuang Y, et al (2012) PEGylated cationic liposomes robustly augment
vaccine-induced immune responses: Role of Ilymphatic trafficking and
biodistribution. (Translated from eng) J Control Release 159(1):135-142 (in eng).
Bruckman MA, et al (2014) Biodistribution, pharmacokinetics, and blood
compatibility of native and PEGylated tobacco mosaic virus nano-rods and -spheres
in mice. (Translated from eng) Virology 449:163-173 (in eng).

Almeida JP, et al (2014) In vivo immune cell distribution of gold nanoparticles in

naive and tumor bearing mice. (Translated from eng) Small 10(4):812-819 (in eng).

27



W=F HREF A PEG iV RV —LDOEIERIE~DEERR %
R Ui AR B RS O BRI B3 2 et

B #E

DI F L ONRERRBICHEEIELH720 PUR 2 M 23T 5
UVN%%%Wﬁiéﬁégkﬂigfﬁéo;hifwvﬁ?/h%wf\
BH NI R L TR GOHANE 5N EIR Th o720, b ORI
(T Ma D72 U U NEE THURAZBITIE O ME N b o7z, BH ., &
5 DOHURIE conduits & FEIEI 5 EE & > T, HuAR WA G D Rk EiEk C &
LI~ EAT A, 2), LHALUMESS Y A VA GEEAR: EORRO
RELSPFITEE 2@ BT 52 LN TER, TOD, EERNOHIZE D
PUREHRE N VB L 7o > TL 5B, 4), —FH., &ETIRY 7 F o051z
ONTHEHE SR EINTND, BNITIET > Lo A RIS BL B AR A AR 72
EMEBEICHFELG), PURZHEL CU v REicilEEdT 52720, K TR0
WNEEE X0 B8N Em N2 ERHEIN TN D(6-8), £7-—FH T,
IRAEGIC L DT 7 F Az onTiL, REEREWL OO, Mgz &g O
U U I 2 < OPURZEE L, Ho Rt 2 s B 2 5E T 5
ESINTVNS(9,10), —HOBITHDLN, ~F7 VT T 7 F o DEEREERIZENT
NG L0 FRNE GO G P8I BT s o @t b 511, 12),

Fex OLLRIORFHIB W T, PEG Effi U AR Y — APL) % 1 [BIFFIRNEE S L7z

A IR WO T PLAIZEROIMINZ DTN ERE T 20H TH 72, Lo
L. PL% 25 HOEGRRT 2RV IRLKEET S L, 2 FEES PLIXIER
IS BICEMET D2 ERALNC/2-72(13), 722 B 5 PLO%< IXMZ-B
HIIIZHE S L TR0 ERROEIZ L E > T PL OO0 S I~ & 2 kL
TW=Z &b, MZ-BHIEIZ L > CPL2NERA~EHEIND Z EDBRRINT
W5, EHICHIEOBRRN G, $1 PEG IgM B X OMIADFELE F ¢, PL X MZ-B
HIIIOBINAIRES L. B~ STV e, £ 07, 2 [ H &5 PL 3%
EHEARE L TERICEHE SIS Z LRI TN D

TR HAET DI MAa(EFEDC)IEL, %%xa%%Fmea SRR E
FHLTBY, Iz L TREESKREMAEMEN L, JUR% intact Z2RHEE
TEMMERETS Z LR ST 514), £7- FDC (3 :H111% 4 %%%ﬁb
KEx 2 A N OA Y s r =AU EZWLTWD(B), TD KD IkktE %
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FDC X, MHLoIER. B MaOALE, HURSIS DR - LB Rk & 7KK
PG G DB GG « BIFRIC 5 L T\ 5(16-18), — 7 T FDC IXIEIICHEIET 5
7=, FDC ~ &P Mk 3 2 ManF7E LT, Bz W\ Tix MZ-B
JARZ DB ZF 5 Z LA RE SN TWHA9, 20), D=, MZ-Bfifaic k
o Tk &7z PL O—#i%, FDC IZZ T ES N TV D AREMENH D, EH .
PL % 1 [IFIRANE G- L7256 Tk, HURZE AL PL %2 FDC £ TikZETE
2O, PEG IZRIT 2B MIGE N LIEABRIRZR AT 52 12k v, FDCIZ
PURZZEICEET DI ENFEEE 20 . BYICRR T 2RSS %258
THIEBHFEEIND,

Z 2 CAMFTCIE, PL OERA~OEERGEFHT L Z LI2 X0, iRt
BSOS HEIRTE 50 E D 0t L7c, £, PL OIEI~DOEIENHFEZND
Z LTk Y FDCIZX % PL OV IAZHDBEEINT 502 E 5 0filEad LTz, fe T
P& E A L7z PL OBREA~OE@XEZFHET 5 Z L1280 | JusURrRHLTIR S
DR SN D0 E 9 RaT Lz,

BE EBRGE

F—IH RE-EBH

VAR Y — AOFRNZ MBI Z OV TIE, B - B - ISR
L7=b oz H L7z, DiO(3,3'-dioctadecyloxacarbocyanine perchlorate .
Ex=484 nm.Em=501 nm)!Z Life Technologies X ¥ [ A L 7=, Ovalbumin(OVA)
I% Sigma K VEEA L7=, FTY720 /% Cayman Chemical(MI, USA) X v AL
7oo ZOMMOFRIKITE U CIXFpki 2 A L, EBRICH W=, Wistar 527 > b (HE,
8-9 W fin, 200-300 gL HA SLC LV EA LT,

BT URY— A - BOEER OVA OFRR

PEG &ffiV &R Y — APL) ORRE# KX HEPC : mPEGsz000-DSPE : Chol=
1.85:0.15 : 1(E/L ) & LTz, 72 PL OENEREZ /LT 28546, IREIK
~—H—ThsDIIHLLIEDIOZY UEEICH L T1%(E/L) ERD LI
Mz 7z, MEEZ, 8% - 5 f - F _HIIGEHEO LBV THDH, OVA EHA
PL(OVA-PL)IZBRAE#EEIEIC X VAR L7, A L7 PLIC T VX = UIERIER
KX OVOVA 2% TR S B T-GRAEIRE ; U U iFE 15 mmol/ml, 7V =4
fatE 50 mg/ml, OVA 10 mg/ml), THERE(-81°C, 2 KFfH) L7=t%. HZSHfS L
1514 (FreeZone, Labconco. KS. USA)%# W Coifsii i L7-(—52°C., 0.133
mBar LA T, 24 BffE), BORSEER L72Y 0 7V 2B H LUK THEAKTI L7
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B, WLLBH L, READ OVA % Sepharose CL4B(GE healthcare.
Uppsala, Sweden)z H 7= 7 /VIEiIC L0 B0 Bz, JHE L7 OVA-PL ©
BB LY VAR 5 - 55 8 - 85 HICRLE L e Bl L v |l
E L=, £72 OVA OEEIX, Dc v 47 vtA4F > b (Bio-Rad
laboratories. CA., USA)% FCHllE L7=,

BIH  BRBNMRHEIZ X 5 OVA-PL OBV SABLHIE

TEIERAE(FDCO)IZ X %5 OVA-PL OEY AHZFHEd 5 7212, aerEi
OVA #{E#I L 7=, {Ef|Z1X DyLight 488 Amine-Reactive Dye and Kits
(ThermoScientific, IL. USA) % ), == 7 /L2t - T DyLight488 =5k
OVA ZF# L7=, 7% L 7= DyLight488 #%£# OVA % 5L FiEIZiEV, PL N
IZE A L7=(Dy-OVA-PL), HiEAE ADZED PL0.001 pmol V U i5E/kg) %= 7
> MEIRNICE S L7= 3 B#., Dy-OVA-PL(0.6 mg OVA/kg) % 7 » MIZHEARN
BhH LT, £V R Y —LAEEOIRY AHLZFHET 272912, Dy-OVA-PL DX
1 012 DiO-PL(5 nmol YV > I§&E/kg) Z &EARN G- LTz, &5 24 R4 1 o %
BN L, B FE - BF E - 85 S IHICELE L7 HIEICHE o T MBI A i R oD
B L7 e —H A A N —fiT 21T > 72, 723, FDC O4LAIZ1T mouse
ant-rat FDC antibody (ED5. GeneTex, CA, USA) & PE tZ# goat anti-mouse
IgG antibody (Rockland Immunochemicals., PA, USA)% H\v 7=,

BUE  PL OEIE~DEE OB

PURRE ADZED PL(0.001 pmol V U IEE k)% T v FERIRNICHEE LT- 3
H#. Dil-PL(5 pmol U “iEE/kg) % FlIRINTEL G- L7z, &5 24 Wefi 1% (g &
B L, 565 - 5B - BHEO B, MIEY A OERL - ek
HOCIAMEBRE R 21T > T2,

F 72k BMZ-B)filnic X %5 Dil-PL g~k z2 HES 5 7=DI2,
FTY720 % 7=, FTY720 (% MZ-B fifd ZEc REL SE 5 2 L ngs &
NTW5(@Q1), =2, DII-PL o#5 o 8 BT FTY720(5 mg/kg) % e
5 L7, [AIBRIC DIil-PL Ok % 5o rIclE & & 572912, DII-PL 05
30 RN 22D E 5O PL(5 nmol V V& /kg) & S RN S- L 7=,

BHIE R

FURRE ADZED PL(0.001 pmol V U EE/kg) % T~ F OEARNICER 535
Zlick ., B AIT o2, BRI 3 A1 OVA-PL(100 pg OVA/kg) % &%
ARG 5 Z LI mEaiTol-, 6T 14 HZIZ, OVA-PL(100 pg
OVA/kg) ZErlikMN 325 Z 12X 0 2 [l H DGE 21T - 7=, R AW T L
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WAERNL L, Mg 2157,

MZ-B #ifaiZ X 5 OVA-PL Ok~ W15 3 9008 S BT 352 B % it
5=, B & R FTY720 & 220 &E#e b0 PL %2 W T OVA-PL 0§
fa~oii% 2 A% U7-, OVA-PLIIZ L 5 %)% %247 9 8 IEfElATH L < 1% 30 43R,
FTY720 & L <IZZE0&E#H 2D PL # 22t b L=, OVA-PL I L 5 %%
DT AZIZERILZIT > 72,

72D PL #5-&£ OVA-PL &5 & OF%GHMBOBFHIBWTIX, 220 PL IZ X
ZETRPELO 1-7 B2, OVA-PL Z HWTHE L, 20 7 BRI AT~ 7,

NI ELISA

OVA R EFLADOREIZ.OVA Ca—7 1 7 L= b — N & iz ELISA
IZEVFEM L7z, £9° 100 pg/ml @ OVA A% 96 7 = /L7 L — KZ 100 pl s
MU7=, |IET2HEMA v FaX—2 3 L=, 0.06%Tween20 &4/ b U &
$%1E1% (Wash buffer) 2 T 3 [EIPEF L7z, HiW T 1%BSA &FH kU A FEER
200 pl WML T, 17 vy X 721707, 3 BEHEZITo /2%, AR
L72ififZ 100 pl AL T 1 Kff s S ¥ 70, 5 B2 T 7%, MR LT-
HRP Zi% 17 ~ b IgM/1gG/1gG1/1gG2a/IgG2b HTIR(BETHYL laboratories.
TX, USA)Z 100 pl HML TE ST 1 HEEA % 2 —2 g L, 5 EITEE
%47 o721 . o-phenylene diamine (Sigma)i&ik % 100 pl ¥l L THRA 7=,
5-15 43212 2 M il 2 100 pl #0N U ChOUG 245 1 S8, 490 nm (21T 2001
Er~A 277 L—hU—%—(Sunrise. TECAN Japan. #%&JI[, BHA&)%H
WTCHRNE L7z,

WU AR
B - HE LIRS, WEREIORRAT &1 o 7z

BH RER

55 T IE JRAARRMERIC X B OVA-PL OBV JARIZZED PL ORIHEN G 2 5%
-

IHETORHINDL, PIEIPLESO 3 AZICHOPL & 535 L. 2[EH
#5 PL 128t PEG IgM 3 X OM#lAD A LT, MZ-B Mz X > Thiite S 4,
TEMITHIE S D Z E R L NT R > TS, BHIIICHE S L2 sayE AL,
REFETRR IR I P2 O — B8 2 TR AR AR (FDOWCZ T 53 2 L s S Tn
%(22), £ ZTET, 220 PL O 5 L 2 AIKIC L - T OVA-PL OJEa
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NOEEERFETHZLI2LY  OVA-PLA FDCIC k> THRVIAEN SN E D
DEE L=, 250 PL IC K DRI 3 A#%IC, 8t L2 PL & L<IiZ
OVA-PL # #lkiN#% 5 L . FDC 12 & 5 PL ®H YV iA & £ (Fig. 3-1-A, B) X} OVA
DOHLY ALK& (Fig. 3-1-C, D) & HIE L7z, AifiliE»n72nia. —i@ FDC 28 PL
BELOOVA ZEVIAA TR, 1FEAED FDCIZZNHERY AL R >
7= —JiT, B E T 2356, %< ® FDC 28 PL 8L OVA #HD A A
72, FDC 2 &% PLEXWOVA ORIV AL EEZHEL LT= & 2 A, BRIBEA 7
WIS &bl U TR 5 5356 D 578\ PL O Y iABZ BB 4.3 512, OVA
DOELY IABBEDR LTFZHM LT, 202 &b, 220 PLIZ X A RS Z1T
9 Z & T FDCIZ X 5 OVA-PL OBV IAHENEMT 2 Z ENH LN -T2,
OVA DOV AZHEHINN, PL OV IAH BN & bhig L T 7o 72D,
PL 7»6 OVA RN—ii a2 ENFRR EB 6N,
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Fig. 3-1 Effect of pre-stimulation with empty PL on the uptake of subsequently injected
OVA-PL by FDC. Following intravenous injection of PL 3 days before, fluorescence-labeled
PL (A,B) or PL containing fluorescence-labeled OVA (C,D) was intravenously injected. One
day later, the uptake of PL and OVA by splenic FDC was measured by flow cytometry. (A,C)
Representative histogram (thin line: non-treated, thick line: pre-treated. (B,D) Mean

fluorescence intensity (MFI). ** p<0.01 vs. without pre-stimulation with PL
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% _IH OVA-PLIZX > THEEINSH OVAIgM B X W IgG HMizzEd PL T
X BRI N 5 2 B2

Wiz, 220 PLZ X D Ei#% %47 > T OVA-PL OEMA~OHikZFHE S5 2
2D HLOVA HURGWAEEINT 208 5 gt L=, 220 PLIZ K AR
Mo 3 Hig. OVA-PL Z8ARNKZ ST 2 LIcL g Lz, kD 3 B
L OVA IgM & (Fig. 3-2-A) %, 10 H#&IZHL OVA IgG /i &E(Fig. 3-2-B) %
HIE LTz, iR 72 W56, BT OVAIgM, IgG & HITiF & A S ivien
o7, LML, Bl E Nz 2 Z 21280 IgM - IgG oW EmNENZ I 4 15,
10 fFLL B L7z, 2oz b, 2250 PLIZ L DRI Z1TV . OVA-PL
ZUENICHEE L C FDCICHVIAZED Z LIk, Pk aEmcE 52 &
Mg X iz,
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Fig. 3-2 Effect of pre-stimulation with empty PL on the antibody response against OVA
encapsulated in subsequently injected PL. Following intravenous injection of empty PL 3
days before, OVA-PL was intravenously injected. Three days and ten days later, sera were
collected. Anti-OVA IgM (3 day) and anti-OVA IgG (10 day) in the sera were measured by
ELISA. ** p<0.01 vs. without pre-stimulation with PL

=T 22D PL & OVA-PL & O 5@ 5L OVA IgG Wiz 5 2 25

AT OKF S, 2 BHEE PL & MZ-B #ila & Of5S K O ~DHE%EIL,
1 H PL# G- & 201 H PL# G- & O GRIBICEGF T2 2 ERB Nt o7,
L LT, %E5MEN 2 B DBAIC, MZ-B #ila~o [ H#% 5 PL OfE&2
BESNAD, 3 HICHEAGENEY—2 L0 TO®%EBD LT\, &2 Tl
T, 220 PL # 45 & OVA-PL #:5 & O 5-MESHUR G5 2 D582 DO
TR L7z, 20 PLO#% 5 1-7T H#%2, OVA-PL 2$:5- L, 2D 7 HIZLIZBIT 5
HT OVA IgG Hw B A ME L=, Fig. 3-3 10T X912, BEREN 1 HOBE
\Z1ZHT OVA IgG 3 DEEFRIT A H AL o 7223, 2-3 H DA IgG /7MW D HE
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Fig. 3-3 Effect of interval between pre-stimulation with empty PL and immunization with
OVA-PL on the induction of anti-OVA IgG. Following intravenous injection of empty PL 1-7
days before, OVA-PL was intravenously injected. Seven days later, serum was collected and

anti-OVA IgG in the serum was measured by ELISA.

HIUTE MZ-B Mz & 5 PL OIEBRA~D#EEIHT OVA IgG i 5 2 5 5

MZ-B #ifiz & % OVA-PL Ok ~DlE 2351 OVA IgG /3 Wiz B 5 L T
WD ZEEALMNIT D702, MZ-B HlEIC X 2k ol EFER 21T - 72, B
EIZIL, MZ-B #ifaz 7o~ L /et E&¢ % FTY720 &, OVA-PL L 55
ICILET 2EHGEDOZEO PL ZHWe, 7. 2O OMEIZIY 2 A H#E
5. PL Oy ~DENAE SN D 0 E iR LT,

PLE 21T R WEETIT 220 PL# 50 3 A% 108645 PL 2 8RN %5 L.
Z D 24 FFfE#% O MR IZ 3BT D80k PL O 2852 Lz, IHEE1T OB
TiE, FOEERE PL o#%5- 8 BEMIATIC FTY720 2. & L <% 30 Al m& 5 &
O PLZ#E5 L=, PHLZ@Y, FTY720 Z #5425 2 L2k v MZ-B i
D RKEBILDIFHNAFAE L T = (Fig. 3-4-A), = @ MZ-B R KER 4y 23T
IZIFAET D5 F CHobiER# PL 2 85 L7254, PL OIEA~OHENLE S
iz, ERERICEBG&O PL 2R 5325 Z L2k 0| PL OJERA~OlRIE
MPBEE S 7= (Fig. 3-4-B),

FENT, 25 OFLEAF ) OVA-PL I X 551 OVA IgG A iihiE 2 [HET %
NE D IDTONTHRF LT, BREZITORWVWEETIX, 220 PL# 50 3 HiZIZ,
OVA-PL # § RN G- L. £ 0 7 BTG OF OVA IgG 5w & 2l L=,
Jeke & [FIERIC FTY720 1% OVA-PL O 5- 8 RefiIRIIC, mifk 5 & D220 PL % 30
SSANCEE Uiz, COfEHR., FTY720 ORi#E 52179 Z L2k v, H1 OVA IgG

34



I ENAG BEAICIE &z (Fig. 3-4-0), Rk, E#HEO PL %% &I2H]
BeHT 52 izl 5t OVA-IgG gl S 7= (Fig. 3-4-D), ZiuH Dk
X, OVA-PL O ~DHak OMLENH OVAIgG D82 HE L= L%
RIELTW5A, LLEORER LY MZ-B HiiglZ X - T OVA-PL 2MEfIZ fiagt S
NHZEIZE D, PrOVAIgG NI g Z LM LMo T2,
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Fig. 3-4 Effect of follicular transport of OVA-PL on the induction of anti-OVA IgG. (A,B)
Empty PL was intravenously injected 3 days before. Following pre-treatment with
(A)FTY720 or (B)high dose empty PL, fluorescence-labeled PL was injected. Twenty four
hours later, intrasplenic distribution of PL was observed under fluorescence microscope
(Green: B cell, Red: PL). (C,D) Empty PL was intravenously injected 3 days before.
Following pre-treatment with (C)FTY720 or (D)high dose empty PL, OVA-PL was injected.
Seven days later, serum was collected and anti-OVA IgG in the serum was measured by

ELISA. * p<0.05 vs. without inhibitor

35



BHIE 0 IRLAERICEIT 251 OVAIgG HWdHE

T 7 FATEFEEBEIOR G 21T5, £ Z T\ T, OVA-PL IZX % 2 [Flg
AT o 2 AICEE SN 5 H0 OVA IgG Il W CEHME L 7=, 220 PL
2 X AR A24T > 72 3 A%, OVA-PL Z MW CHIEIGIEZIT 7=, #lElshE
® 14 B#. OVA-PL Z W 2 [ HGE %177,

(A)
24

*k_ kk
)
[=2]
! 1.8
8 .
o
k=)
;: 12
Q
=
< 06
0 L L L L L L L L L L L L
0 14 28 42 56 70 84 98 112 126 140 154 168 182
Days after first immunization
(B) (C)
24 24 ¢

*%

-
[--]

.
-
(--]

*%

*%

o
o

Anti-OVA IgG (OD490)
o
o
[-1]

Anti-OVA IgG (OD490)
N

0

400 1600 6400 25600 IgG1

Dilution

lgG2a  1gG2b

Fig. 3-5 Anti-OVA IgG responses after twice immunizations with OVA-PL after
pre-stimulation with empty PL. Following pre-stimulation with empty PL 3 days before,
OVA-PL was intravenously injected as first immunization. At 14 days after first
immunization, OVA-PL was injected as second immunization. Sera were collected at
indicated time points and anti-OVA IgG in the serum were measured by ELISA. (A) Time
course of anti-OVA IgG. (B) Titer of anti-OVA IgG and (C) subclass of anti-OVA IgG at day 17
after first immunization. Open symbol and bar: without pre-stimulation. Closed symbol and

bar: with pre-stimulation. ** p<0.01 vs. without pre-stimulation with PL

2 [l 21T 5 Z 12k, HLOVA IgG b EIZEIFIZHEMm L., 6 2»2HMICH
720 @WK EEE R L= (Fig. 3-5-A), 220 PL I L A HIFEZIT > TWARWES
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& HlE UL B AT o 72 s IgG Bkl 2 < L 7= (Fig. 3-5-B), & 51
FEINTHLOVAIgG OV 7 27 5 ZZOWTHMT L= & 2 A, KM ke
DIEETH 5 1gGl, MlaMaEHaniEE Ch 5 1gG2allgG2b & HICHE X
NTEY, WTFHIZBWTHAETIGZ N 7258 L0 iE< #FHE STz (Fig.
3-5-C),

WANTE 220 PL T X AR1HE & OVA-PL IZ &k 5%% 2% PL T4 BB
B2 DR e
ZNETORFNG, 220 PLIZ K DRTMAITO 2 &I2X D, it TiRE X
72 PL WIZEA Z 72 OVA IS 2 HUAROS IR S VD 2 &R ST,
—J7 ¢, PL BHH IR B HURRISICZE D PL T L D RIRIMAN 5 2 2 B2 2 DU
TIXA LN TIEE R o7, £Z2 T, ZD PLIZ X 5HIHIEE OVA-PL @ 2 [A]4
I LV PLASRKIEEICHAT 2 IgM « IgG O Wik E M S N 5700 E 9 1
L7,
Z DOFER T PEG IgM /b8 #5174 b= £ OOk sy <& 5 HEPC
K> Cholesterol |Z%}3 % IgM O3 BILE S /e - 7= (Fig. 3-6), £7- PL @
R IZXET 5 1gG DR BlE SR hoTc, 2O b, 220 PL
IZ X DAL, PL ORERAEE 3T 2 HURINE TR B % 5 27, PL I
B A SRR RN PUA I A R TE 5 2 LN RIB S iz,
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Fig. 3-6 Effect of pre-stimulation with empty PL on the antibody response against each
component of PL. Following pre-stimulation with empty PL 3 days before, OVA-PL was
intravenously injected as first immunization. At 14 days after first immunization,
OVA-PL was injected as second immunization. Serum was collected at 17 days after
first immunization (white bar: without pre-stimulation, black bar: with pre-stimulation).
As a control, serum was collected at 5 days after intravenous injection of empty PL (gray

bar). IgM and IgG against PL component were measured by ELISA.
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BAHE B

KIFZEN S, 22D PEG Efifi U A Y — APL)OFTHIL D%, OVA-PL % ¥ 5.
T 52 LI &0 BB EDCIC L D OVA OV AN L (Fig. 3-1),
OVA ([ZXIT 2 HURD WA EEIR S35 & & 3B 5 )T 72 - 72(Fig. 3-2, 3-5), 22D
PL\Z X B EIHLIE, HiWCTRE Sz PL OERA~OEXEAZFHET 5720, ft
JFEPA PL OB~ I HUR R R 2 PURS S OFEICHAHTH DL Z &N
IRE T,

T 7 F VR AEIRT A OIC, PURRERM 2PUEZ T OFURICH G S/ T
Bk 2 7o B GRR I CRIEEAT O RBEEGER Y 7 F UM RDHEL < IThiv T 5
(23-26), Fe 2 ODFHNCFE N T B 220 PLIC X DRI A1T 9 = & THL PEG IgM
NHEEINTEY, O THES SN2 OVA-PL LA LTtk Z2iEMAL L T
BEEAERER L., B GOMEIMIZ SN TS EEZ D, HiF/IgM/
AR DFIEBE AR L D RERUSERIC B W T, MR/ Z A 7 2(CR2)A
HETHDLZENHALNITR->TWD (27, 28), CR2 241 LT=HUR W HE TR D
AN=ALD12E LT, BiiflazARBCR) & CR2 DILHMNH 5, BCR &
CR2 3L &2 &, BCR A OREAME T LT 7 F /L3 e S 4L CHUA
SYWHEINT 5 & ENTWSH(Q9), LiL., Fx DEBRTIX PL/HL PEG IgM/4f
ROEAKIT PEG #5897 BCR & CR2 IZfEALTWH EEZ NS0,
PL WIZEFA LTS OVA 2k 23T Z v i< weEE X 6hd, €D
72, CR2 # L=l L v . CR2 /1 L T OVA-PL 058 &K 8
IZHE S ND Z EREETH LI L, B, MZ-B #ifgic X % OVA-PL
DIENI~DEE A PLET D Z & T, HL OVAIgG it a3 1k < h <k v (Fig.
3-4), ZAVXIENE A~ DB IE DS HURS S OEIRICMLETH D Z L 2R LTV
%o TERA~OFUFEREIL, IgM OREEARIZT T2 <19, 30), IgEB1, 32)
R [gG2aB3)DHEBEAERTHLHE SN TE Y, TOHOFURKLZ iR 5,
TERH OFURIR AT 2 Z & T, PrsRFRAY B Mla & FiR & OE SR O
B, T HIFE~OPURIRRAEDH RN Z 0 | HUADIAE R SN =00t L
7200,

727 PLC X B RTHI% A 17V . OVA-PL O~k AR+ 5 2 212 kb,
FDC (2 £ % PL £ XN OVA OEY iAZ 2 80 L 7= (Fig. 3-1), FDC X MZ-B #fl
fa & JRIERIZ, CR2 Z#EHLL TV, MZ-B #ifa) b S E 5RO —E 2521 )
A ZENREINTNDQ2, £7- OVA-PL BEHIZIEDFTHDHT=0,
conduits > C FDC |[ZHET 5 OI1LEH L (2), =D 7=, OVA-PL i MZ-B
Mz L CFDCIZZITEISNLI D EEZ NS, —7 T, OVA-PL bk
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H X272 OVA 73 conduits #i1-> T FDC IZHV IAFN - REME B B ETE 72
WA, FDC 3B E AR ORI IAZITRHE L TS 729(34), Z D A[geMEIXK
WeEFEZHN5S, N2 TFDC I, JuUii% intact 72 F £ CREIMIRFET 22 &0
WEINTWHME—ORIF T, RERLRICEEREH LR LTS, 20 PL

2 X 2 E1HIC X > T OVA-PL @ FDC ~OXEENEINT 5720, B o5
&ﬁf%%%éhéﬁ%bhﬁw(ﬁ%PL%%%LtFDC%&@iO ZHUAR
RS 2R LTV 5003 5 TidZe vy, FDC IR I S Ea k% )8
AR T D L &N T\ 5(©22), FDC BHiD Y F—_—L LT, FDC
B R &2 OVA-PL 7> B4 (2 OVA 2 & ¢, B2 B ik
FIE L TWDDONnE Lz,

SEIOBFHIR W T, 220 PLIC X A1HIE O 2-3 H#%IZ OVA-PL % H\\ T
T H T L2 XY OVA FREMPUR W EIR S 205, Z Do 5[FFE T
IXIGIRABILE S e o 72 (Fig. 3-3), RIEOMFA 6, 2 [BIH 5 PL @ MZ-B
Mfg~0fEEIE, 1EHO PL#ES-L 2B O PL &L L ORGMEN 2—3 H
DA KITIRD Z EDRH LN >TWD, DF D HL OVAIgG &
%, 2 B H# 5 PL © MZ-B filld~0#5E & &R & BB L Tz, — 5 Ci

IR L7 K 912 in vitro (2815 5 PL & MZ-B #ild D5 & 135t PEG IgM &2
{RIE L TV =3, in vivo IZBWTILHF OHL PEG IgM &3 — 7 L 72 5 & 5[]
@23 5 HDa . PL & MZ-B Ml DR &0t OVA IgG B8 EIT Do T2,
ORI E LT, BIETHIMAZ, P oZEoft PEG IgM (X 2 B H #5-
PL OFg~DOB T2 K& REL, MIE~OBITZIR TSI ENEZI LN
%(35), MgV o Hi~OPUROEERIL, FUAGWDRRE W S — |
PRV T 7 F A BE 5225 2 L RHEINTEY (36-38), Fx ORFT
LIRBEOERNE LN b D EEZLND, EEBITEEIFINC, JUR - HUk
FIEEAS RO X AP WFHEEIZB T, PUREFURD RN EE TH
HZEHLWEINTWAE9), HERFES 5 HOSGAE, R THS OVA-PL (2
* L THUARTH 5P PEG IgM DN R & < | SERIEMEOHUR - PUAE LR
ZIRR L2V ONnE LivZeu,

BEVIF U ELTHHASIN TV ANT T - X x U T X T AT AZ
LD IRLGELEIToTGE. NI T iR T AR FEEIN DT
TR, FX VT ER7ITHTLHhRbFEESND, ¥ VT X 7ITx
THHERDOEAIL, HWTERGINENT Ty -y VT XU EERICE
STHFEINDITNTT VRIS Z IR T E 5 ORI TH 2 53(40, 41),
WZH AT T D HUAROG A BAE S D Z & e ST\ 542, 43), T D78,
XY VT X oI HUROBREI R EAITEE L 2WnWEEBEZLNRD, A D
OVA-PL % W= fFTix, #t OVA IgG FEA DRI A HiL7=28, OVA %%
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AL TW5 PLIZxHT 2 HUASG ORI A B 7e o> 7= (Fig. 3-6), ¥+ U7
LNy LB PLIFAKEAMEORmNY VIRES I VAT B — L BAEK
SNAHTD, FURKISOEBMN A LN RN T- B2 b5, 7251 PEG IgM
DWW TH BT, PEG 1T T MR AMERUR & UTHBRE L. —®MEIC
U PEG IgM #8570 THD Z ENHALMNT/R>T\5(44), PEG I T
IR A MERUR & U CHERET 2 OVA & &< B2 5% © BHliR 2 i b4 5 7=
. PEG Ik 0N SIT R Z T R o720t Ly, ULEonZ &
235 PL I, RERGIE RIS A FHE LR WHUREEZEY AT L LTHI< 2 & 23
Ehb,
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ARSI T HERR(CTL) X ARS8 L3 2 Ml B T 2 785k L CE A
ZHER T B IS SRR DO TR L A2 5 TS, CTL OFE M 13 B dH 5
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MWECTH 572 MHC 7 7 A &5 L CHUEIER Sed <, CTL 1375 &
AU, L L7222 b —ER oA 72 &%, sz MHC 7 7 X 1
Rl R o A7 L8 T —va) LT, CTL 28T 5 Z L0 ME &H
TWbH@), ZOBRNL, BRMREZER L LTEBNAT 7 F 0 ORFER <
1T T 5(5),

& ZATRAT, BIHIETIEAR<, B Mil@EZE s LeRA Y 7 F 0 OB
HNL OTHIL TV A(6-8), B MBI HUA WAL T D & [RFFIZ APC & L
THSEET D & SN TW5b, 7= Bl iIfhReY & FERIC MHC 2y -4 011%
NFEERBEL, SBIZZaRAF LB TF—2a 2N L TCCTL2FETX %
ZENHEINTWA(, 10), BHIIIZIZIWS 200 H 7 v O B HIETF
TET 203, O THillixm BMZ-BHIIIZILHIE > 1 Toh 5 CD80/86 DFEL
MNE <, THREZROICEERE T2 bR SNTn5H(11), — 5T, B
Al APC OEEEIZEI LTI T 23S FAET 5, —MRIC B M ARk
Jak v & CTL FHEENMRVE SN TEY . Bl buRigsHil s LTz

A THIRA T FU—IZmbs 2 b H 502, 13), ZOEEE LT, gk
ELEER LT, BRI X 2RIV ABZEN D7 < M CTL ZiEMHE L
TERNWIENEZOND, TOH, B Ml ZEICHREZEET D Z &N
AREZe HI1X, AHZ2 APC & L THiET b0 EE X LD,

INETICHFH L IZPEGERM Y AR Y — APLO#R Y Ik LFEERIZHEE I S0
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P IEVEALRSAE AR BA DRFZE 24T - T & 72(14, 15), D A 1 = X LR OBF 2
TH x X, PL O#E# 5 2-5 B ICHOPL 2% 59 2% & g ICEB VT PL
N MZ-B HifRlc 2 &ICHEE L, IEIRICHEE S D &0 ) FERICBLBRE OB 5 %
R L72(16), BiFEOHRTNG, 7 v MIBWT PL O#)EIES- 3 Hi%iZ, OVA
B A PLIOVA-PL) A HWTHRET 5 L. HL OVA IgM B LV 1gG &N A E
IZEEIN L TR Y IR 2 IE (L TE 2 2 ERH LI 72, £7251 OVA
IgG OV T 7 T A% Mgt Liz b Z A RIEMERE DI Th 5 1gGl 7217 T7e <
ARRMERZE OEIECTH D 1gG2a bFEIN TV o, ZTAUIHUREA OB
TR . CTLOFEELAHETH DI EE2RB LTS, £z bk X 912 . MZ-B
AlTEE O B fMld L S HUFERREEN N E Y, T LB, OVA-PL %
MZ-B il ~MERML S8 5, 220 PLIZ X % i I HUEE s OB EICA T
B 5 FTREMEDS E O,

Z 2 CAMEITCIE, PL I X BR0#I% %N % T OVA-PL @ MZ-B i ~0ik
BEEMESELZLI2EY ., FUEGRERIS AR TE 2008 9 et LT,
FTT VN M EHWRWEET T, PLIC X ARHIEAHURE A PLIZ L5
CTL O#FE A48 L, SR EMHIZIRERTNE I RF Lz, Ty
2N N ThHDaTT77 bt T I Ra OVA-PL ORESIREICEA SETCH
oW EITo 72, E-FEC, 220 PLIC X 2 B4 0Y CTL &M 2 8+ %
I MR 5 2 B DWW TRRET L7z,

B_H EBRGIE

H—IH REK - MR- B

VAR Y — AOFHRUZME R RIEIC Ok, BB - B - ISR
L7zt D& L7-, 5-(and-6)-Carboxyfluorescein Diacetate, Succinimidyl
Ester (CFSE)/L Life Technologies & ¥ i A L7, 7-Amino-Actinomycin D
(7-AAD)!Z BD Biosciences(NJ, USA) L WAL=, a-HF7 27 b &F IR
(GOVEHFnFEREF U o CGREL, BA) XV EA LTz, £ OfoaEIZ B L Tidfnfk
AL, FEBRICH W, OVARELT U o ] JEMIZ(EGT7-OVA) X American
Type Culture Collection(ATCC, VA, USA) LV iEA L7, F£7- C57BL/6N ~
U A(HE, 4-5 WiH, 20-25 T HA SLC L WA LT,

EWTIH URY—AOFHR
PEG EffiV RV — A PL) DOREHM AT HEPC : mPEG2000-DSPE : Chol=
1.85:0.15: 1/ E L, FT7 Va2 e LTa-HI77 ot
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RGO EWIMT 2546, MIBEIZR LT 0.5%(FE /L) &5 K512 GC 2Nz
7 GC-PL ZfH#d U7z, SREEIR, 26 2% - 55 Hi - 3/ _HHICEHEH DO LBV Th
%, OVA £ A PL(OVA-PL)$ L OY OVA £ A GC-PL(OVA-GC-PL) | X8 & @l figgy=
[C X VIR L7, FAR L7 PLIC OVA N2 CUafiE 7= GRfCiRiE ; U U IRE
10 mmol/ml, OVA 10 mg/ml), #FE(-81°C, 2 W) & mfiE(37°C. 15 3l % 3
[AlfE 0 K L 7=, KEA D OVA 1% Sepharose CL4B(GE healthcare, Bio-Sciences)
W27 VIEIE I K0 HY Bruviz, G L 72 OVA-PL 36 KX OF OVA-GC-PL @
B REB LY CREEWREITEH 5 - 55 6 - 55 IS LIe A L 0 |
ELT, T2 X7 8EEIXZ, De 77547 vEAF v b(Bio-Rad
laboratories) % N CHIE L 7=,

B=IE RS ORZRIC L B IEERENH R

PURARE ADZED PL(0.01 pmol U U iFE/kg) &~ U A DFRNIZHR 5325 Z
T XY BTG AT o T, B O 3 B2 OVA-PL % L < 13 OVA-GC-PL(20
ng OVA/~ 7 2)Z# kN 5425 Z LIC KV EE21To7-, 1 BIOHLDORIED
BE. fED 14 B, EGT-OVAL06 i) 2 2 FRAE L7z, F7- 3 Bl
AT O WA, B & o O AS DA 2 BB EICEH 3 [EITV, ik
® 7 B2 EGT-OVA 2R TR L7z, RY 7T 472 ba— & LT, OVA
LonA v NRETVanNy e w Ly a B RE FRELTREL, +
D%, BEIEDORE I ZRRFIICHIE LT,

BINE [JEEBHEEZOREIC L S EERENHZIE

£7°. EG7-OVA(106 flific) % 2 TRAl L7, BEHOKE 3% 100 mm3 (ZF]
ELEZOE 7 B, PURRE ADZED PL(0.01 pmol YV U EE/kg) &~ 7 A D
HURNICES T Lick by, Rl EIT> 72, RIRIP O 3 H%IC
OVA-GC-PL(20 pg OVA/~ 7 ) Z RN 595 Z L IC X W & 51T -7, &
D%, BEEDO R E S 2 REFAICHIE LT,

BHEE MIREGEETMIRCTL 7 vi&A

G Lo~ o A5 Mg aE ) H L7-%. 'L A k L —F—(Greiner Bio-One,
Frickenhausen. Germany)# f\>C RPMI1640 55 #171(100 U/mL <=V >,
100 pg/mL A R L7 h~A 22, 50 mM 2- A )V 7 h =X ) — W)IZ Sk S w7,
F-RMERIE, WMF10.83% HALT =T AT EZMA T 5 HEEEST S
Tl ST, AR L 72 B A (4 X 106 cells/mL) 1. OVA(100
ng/mL)DOFETF TS HiMIEE L, =727 ¥ —Hiflue L=, #—4~ v Mlla T
5 EGT70VAIZ,~A b~A > CERAWVTHIESR % 1 7-#(100 pg/mL,
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37°C. 1 Kf#]), CFSE Z M\ Ca sk L 72(100 nM, 37C, 1043), =7 =7
Z—Hif & & —47y Ml A 12.5/1~50/1 OEIE TRA L T 12 B dhEza L /-
%, T-AAD ZHHWWTT R b= Afilaz @ Lz, ¥—7 > Mo TR F—
A% Guava EasyCyte Mini System Z# W\~ C, 7a—H% A A FU—(ZXLD
HIE L7,

BARE MBRPEEAEMRO 7o —Y 4 b A M) —#HT

T LT~ U AN EZ R U2 %, B - - B IR LT
JFEIZ L0 A Au R B iR 2 9 U [RIRR D J5 v A TR IMIBAT A S [ A4 Yuth L
T.7a—Y%A ~A MY —ffT 21T - 7o, 7o filiEME T MR (Treg) O RIE 21X,
PE f#kbi~ 7 2 CD4 $HifkE L ¥ Alexad88 fHilihi~ v A CD25 #ilk
(eBioscience, CA, USA)% . ‘& #fiH M MHAEMDSC)OHIEIZIX, PE
ikt~ 7 2 Ly-6G Hiikds L O FITC fEi#k$t~ 7 A CD11b Hifi(eBioscience) %,
FF 2T %7 —T Ma(NKT) OHEIZIE, FITC f&#kHi~ v A CD3 bk
(eBioscience)$ L ! PE #%:# T-Select Mouse CD1d Tetramer(MBL, 4 )=,
AA) % -,

HEE  REHERORRT
B R - BB\ L RRRIC, BREFERIERNT 21T o 72,

BH RER

B|=IE EBEBERNCBIT 5220 PL & OVA-PLIZ X % 1 H&EN CTL OFHE
BXUO OVARBEFEORKRIZE 2 D&

F92420 PEG & U R Y — APLIC X D iI#IEK & OVA £ A PL(OVA-PLIZ
X% 1 FogEAMpEENE T MRCTL) 2753 508 9 st Lz, 20
PL IZ L A Hifi% > 3 Hi%1Z. OVA-PL Z#WrANIEE L CHhEa2{T-7-, 14 H
AT g Z (B L, OVA R EUEE CTH 5 EG7-OVA 1IZxF9 5 CTL OF5E % 5T
L7z, BALEO = b o — LREL Hilg L C, OVA-PL Bt ¢t CTL I &
% EGT-OVA O 7 KR b — ZOHINIBE S e o7 (Fig. 4-1-A), £7%E0
PL (Z X 2 R1HEZ N2 725 BB TH RIBEDRER & e o 7=,

FEWVT, ED 14 H%IZ EGT-OVA &~ 7 A T L7156 OISR E
PR OV TRREF L=, OVA-PL BMGERE, 220 PL & OVA-PL 2L %
TIEREIC B W TRER R OMHI R A B SN, AERMEIEIRIT 05
776
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Fig. 4-1 Effect of single immunization with empty PL plus OVA-PL on CTL induction and
tumor growth suppression. Following intravenous injection of PL 3 days before, OVA-PL was
intravenously injected. As a control, OVA-PL was intravenously injected without
pre-stimulation with PL. (A) Fourteen days later, spleen was collected and re-stimulated
with OVA. Following co-culture of spleen cell with EG7-OVA, apoptosis of EG7-OVA was
assessed by flow cytometry. (B) Fourteen days later, EG7-OVA was subcutaneously

inoculated into mice and the tumor size was measured.

WOIE  EEBMEANICET 5220 PL & OVA-PLIC X % 3[E%EH CTL DFE
BX O OVA RHRBEFEORKIZE 2 HHE

1 [lD5fE Tk CTL OFFEMEGE MR Z R E 2o 7clzd, 3 [HD
I EIT> THRET LT, 220 PLIC X 2RO 3 H#%IZ, OVA-PL % &k #¢
L THREERIT-T-, Thae 1ty bE L, 2BMBEICEH 3 RIT-o 72, &kt
Eo 7 BLICEEAE I L, EG7T-OVA (2%t79 % CTL OFEE %230 L 7=,
OVA-PL B EREClE, EG7-OVA O 7 AR b — ADOHEMIZHT M TZ - 7253,
22D PLIC X DA ZMA D Z L2k, EGT-OVA OHERT AR h—Y AD
g s Fig. 4-2-A), ZDOZ b, 220 PL & OVA-PL ##lAa5b
HT3EGEETHZ LITL D OVA R CTL NFFEIND Z BRI,

W TIASE D T HZIZ EGT-OVA % B2 T L 72354 O IEE = 1] )
REat Lz, FE4ARIRY T 7arhra—LEd LT, OVA L7212 M58
BTV anr D=L g 2 (OVA-CFA) Z W TR R LT, & Ok 5%E,
220D PLAZ X TR AN 2 72356 RTTE DS 72 D56 & e U CA R 2R B Ak
Rl % o~ L= (Fig. 4-2-B), £72%2® PL & OVA-PL OflAGHEIZL D
gL, OVA-CFA & i U ClRIZELL B ORI A RMHI R 2R L7z,

223 PL & OVA-PL 2 X 250812 L 2 FEE R EIHIZ R 23 CTL IZER T 25 D
DRRFET B 72010, MRS ICHERE L T\ 5 CTL OiEM A3 L7z, 280
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PL & OVA-PLIZ L% 3RIO®ED 7T H#ZIZ EGT-OVA #BAE L, 20 22 H%
(A 2 B L€, CTL {&MEAFEM L7=, Fig. 4-2-A TORER L FERIZ, 220
PL 2 L 21K & OVA-PL IC X 5 E A MAGbES Z I8V, EGT-OVA
DT KR F—vARFEIZHEML W= (Fig. 4-2-C), 2O Lix, 20 PL &
OVA-PLIZ L% 3FIOHIEIC L > THFE SNz CTL NEBEBHZIZHB VT HI%
BELTWVWAZ EERBLTWD, LLEORENS, OVA-PL 12X A 0ER1ICIT
922D PL I XA RMIZ, CTL OFFEL#Mm L, EEREZMmE 52 &2
IRE T,

) G) (©)

25
B 1800 BOVA-PL *
OcControl bt P —-=5-0OVA-PL 20 | EPL+OVA-PL
20 | @OVA-PL E OOVA-CFA
E -B-PL+OVA-PL .
S mPL+OVA-PL 2 1200 | -8-OVA-CFA = I
£ w15
o 15 | s 2
8 g 2
= o
g 10} 5 g 107
< £ 600 | <
- 5
5 5
0 0

12.5 25 50

Effector/Target Days after inoculation Effector/Target

12.5 25 50 0 5 10 15 20 25

Fig. 4-2 Effect of repeated immunizations with empty PL plus OVA-PL on CTL induction
and tumor growth suppression. Following intravenous injection of PL 3 days before, OVA-PL
was intravenously injected. As controls, OVA-PL (intravenously) or OVA-CFA
(subcutaneously) was injected without pre-stimulation with PL. These immunizations were
repeated 3 times every 2 weeks. (A) At day 7 after last immunization, spleen was collected
and re-stimulated with OVA. Following co-culture of spleen cell with EG7-OVA, apoptosis of
EG7-OVA was assessed by flow cytometry. (B,C) At day 7 after last immunization, EG7-OVA
was subcutaneously inoculated into mice and the tumor size was measured. (C)At day 22
after tumor inoculation, spleen was collected and re-stimulated with OVA. Following
co-culture of spleen cell with EG7-OVA, apoptosis of EG7-OVA was assessed by flow
cytometry. * p<0.05, ** p<0.01 vs. without pre-stimulation with PL

WZIE EBEBHEANCBITSZE0 PL & OVA-PL IZ X % 3 [EI%h&E Nkt
MRiCE 2 2

FEMROHIZIT, CTL Offix 240 L, TSR ICHERE T 5 I M
I OIFENWE SN TWAHAT), 22D PLIZ X D HTHIEA Z 20 6 O 2 HH|
L CHEB R EMH N RICHBE S 2 -/ EBERD S, T2 T, 20 PL &
OVA-PL (2 X B20ENZNLOMICE 2 DB W THRF Lz, Eito X
I, 3 [ERE ZATV, JEE A B L -5 i & [0 U, i o sl T
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HIBA(Treg) & 5 8 F Sk ENHIPEA AR MDSC) D EIA DAL &2 | E L=, Treg (ZBH L
T 22D PLAZ X 2 RTHAEOF B D 6 TR & 2B bid A b /e n - 7= (Fig.
4-3-A), MDSC IZBI L TlZ. Z2» PL I L AR A N2 5 = & T, MDSC @
BENETWD LI, AERETALNRN T, ZOZ L%, ZOPLICK
2 BRI EIPE IR & A ER B R B X 7N LB R LTS, ED
729720 PL & OVA-PL Z#lAA bW -2 L 2 g S ik, #kl
PG HIIRICIRIE L e E 2 b D,

(A) (®)

Fig. 4-3 Effect of repeated immunizations with empty PL plus OVA-PL on
immunosuppressive cell. Following intravenous injection of PL 3 days before, OVA-PL was
intravenously injected. As controls, OVA-PL (intravenously) or OVA-CFA (subcutaneously)
was injected without pre-stimulation with PL. These immunizations were repeated 3 times
every 2 weeks. At day 7 after last immunization, EG7-OVA was subcutaneously inoculated
into mice. Twenty two days later, spleen was collected and stained with various antibodies
before flow cytometry analysis. (A) A frequency of regulatory T cell (Treg) and (B) myeloid
derived suppressor cell (MDSC).

WIUTE  EEBMEANICEIT 5220 PL & GC &4 OVA-PL 12k 3 1 EfZERN
CTL O#FE R L OVA REEFEDORKIZE 2 5 FE

INFETHHND., 220 PL & OVA-PL 12 X 2%5%12 L 0 HilEE G N5k
ENDZEDWRENTN, SEIOGENLETHY ., L0 RRE R GEFENSA
ENb, TITERAEFTVanNy v ThHdalTT77 byt T RGOEHW
7z, GCIX, 7T 27 4% 7 —TINKDMaZiEHE b L, & 5121 CTL &M% 1
95 Z LT, HEMEZMENICHIESEREEZFET I ENAL TV
(18), F7= GCIIMREH D& RO, RHIZPLICHAAL Z LN TE D, £
2T GC ZHAIAAT OVA-GC-PL ZiML L CTHEICH W, 2o PL &
OVA-GC-PL |2 k% 1 B4 CTL OFE A2 TS E 505 L7z, 420 PL
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2L DRTHE O 3 H:. OVA-GC-PL ZEIRNE G L THREEITo72, 14 H%
(g A | U, CTL OfFE % 7 L7-, OVA-GC-PL Bl C 1 [B4E 24T -
=8 A. 2 ba— Uit L ik L CHEZ: CTL OFENEIZ Sz (Fig. 4-4-A),
FZEOPLIZ L DHIHIREZMZ 52 E1CL D  CTL#FEN S ST Sz,

FZTRHRWT, ED 14 B EGT-OVA % 2 TR HE L. BRI 3mH] 2h R
DOIEHEAT - 7 (Fig. 4-4-B), EREOFER L —E L T, OVA-GC-PL @ Hjhs%
& o THERE SR Sz, 512, ZO PLICX SRR EMNZ 5 Z LI
XU, arhhe— AL L CHRRBEREREMRIIREZ R LT, UL EOR
B, GCEZT7T Vanny hELTHWAZ EIZXY ., 1R OmE THIREE
EHETXDHZERHALNICRS T,

(A) (B)

25 gk 2000
oControl
lBOVA-GC-PL *%
EPL+OVA-GC-PL

-6-Control
-B-OVA-GC-PL
1500 | _mPL+OVA-GC-PL

- - %)
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12.5 25 50 0 5 10 15 20
Effector/Target Days after inoculation

Fig. 4-4 Effect of single immunization with empty PL plus OVA-GC-PL on CTL induction
and tumor growth suppression. Following intravenous injection of PL 3 days before,
OVA-GC-PL was intravenously injected. As a control, OVA-GC-PL was intravenously
injected without pre-stimulation with PL. (A) At day 14 after immunization, spleen was
collected and re-stimulated with OVA. Following co-culture of spleen cell with EG7-OVA,
apoptosis of EG7-OVA was assessed by flow cytometry. (B) At day 14 after immunization,
EG7-OVA was subcutaneously inoculated into mice and the tumor size was measured. *

p<0.05, ** p<0.01 vs. control

BHIE BEEBHEANICBIT5%20 PL & GC &4 OVA-PLIZ X% 1 [F&ENH
HtE R MRIC 5 2 D R

T, 2200 PL & OVA-GC-PL D02 K 2 fETE A% 545 20 5 28 )4 4
FEHIARIET 2008 D M EW L NS T D701, BB % OMHE G i
R I Uiz, BTEO X DI 21TV, B2 BAl U 7= # U 2 (Bl L
g > Treg & MDSC OEIGDOZEALZHE LT-, Treg 12 L Tk,
OVA-GC-PL (T & 6=, 220 PL & OVA-GC-PLIC L A2 %E % 1T THED
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EE T L2 o 7= (Fig. 4-5-A), —J7 MDSC 2B L CTiZ, OVA-GC-PL |Z &
HRIERITO 2 L TEDOEEGNREA Uiz, £72220 PL T XL 2 B 2 0 % 7= 35
A+ MDSC OEIGOHFBERBY RSN, Z0Z b, OVA-GC-PL @
TIEIZ L 2 SRR INHIZ S X, 0P e o 23— B 59 % Wl EE
PENRIE STz,

A) (8)

MDSC (%)

»
\‘o

o
(o)
¥ °~\

Fig. 4-5 Effect of single immunization with empty PL plus OVA-GC-PL on
immunosuppressive cell. Following intravenous injection of PL 3 days before, OVA-GC-PL
was Intravenously injected. As a control, OVA-GC-PL was intravenously injected without
pre-stimulation with PL. At day 14 after immunization, EG7-OVA was subcutaneously
inoculated into mice. Nineteen days later, spleen was collected and stained with various
antibodies before flow cytometry analysis. (A) A frequency of Treg and (B) MDSC. * p<0.05

vs. control

WATE EEBHEAICBIT5220 PL & GC &4 OVA-PLIC L% 1 E%ZEINE
BREICS 2 DHE

ZIVETIE, MEEIToTRICIEE A LT, BEEREMEIIREZ R L
TEe, LOLBIEONAT 7 FUHBICBWTIEL, DADOTREET TR,
k&2 72 iR DEITDO AT —  TIRIENRIRE/R U 7 F U MBI ST\ 5(19), £
Z T, NEEBHZICRIE 21T - 1256 OISR EMHIh RO\ TR %
1T-72, EGT-OVA OB 7 H#1Z, 220 PL W CHIINZ Z1TV, £ D 3 |
#12Z OVA-GC-PL W CHE LT, = bu—/L R L iz LT, OVA-GC-PL
XD ERE I, EGAE 19 B B DI RCR O Sl R BLEE S vaad
77e —J7TZE® PL & OVA-GC-PL (T L 250 RECld, SR 13 B H AR
SEEE R OMEI A BIER SNhD 7o, 72 PL OFTHIEA 2 WA & il L
T, ARERIEEREMRISIREZ R LTz, 202 b, PL & OVA-GC-PL I &
L5 TR FOESIC L TH ., BEREMGIIRZ RT Z NN
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Fig. 4-6 Effect of single immunization with empty PL plus OVA-GC-PL on growth
suppression of pre-existing tumor. EG7-OVA was subcutaneously inoculated into mice. At
day 7 after tumor inoculation, PL was intravenously injected. Three days later, OVA-GC-PL
was intravenously injected and the tumor size was measured. As a control, OVA-GC-PL was
intravenously injected without pre-stimulation with PL. * p<0.05 vs. without

pre-stimulation with PL

#EIE 220 PL & GC &4 OVA-PLIZX % 1 [E%&E NKT #MRICE 2 55
&

TV any N ThDH GC L, PilEE IR 595 NKT Mila & s k35 &
ENTHEY, OVA-GC-PLICL A2 0EIC Lo THML TS EEXBND, T2
T.220D PL & OVA-GC-PL %% 78 NKT il 5- 2 5 58I >\ THRE L7,
EG7-OVA OFHE 7 B#%IZ, 250 PL ZHWCHIRL 21TV, D 3 HEIZ
OVA-GC-PL % W THuE L7z, 5B D 3 BRI A B o L, s+ sk
% NKT #la 0B & 2R IE Lz, 2> be—/REL il LT, OVA-GC-PL
ELZED PL & OVA-GC-PL offE L, NKT fifaz#hn & &7-, NKT Miaix
CTL &[RRI GBI 53 5720, OVA-GC-PL OfEIC L » T s
7= NKT Ml ZfES R EMSIC —HES Li-boLtEx oD, —FH T, ZE0
PL 2 X 2R OA X NKT fila OB A I 8B E 52 hofe, 2D &M
5. ZE2D PLIZ X 2 RiHKIE NKT Ml X 25 EEN R SR R T e %
b2 9, CTL (2 X 2 E#ENRIEGEGN RO EL 525 Z L PRBEN
7~ (Fig. 4-8),

54



(A)

NKT cell (%)
N

0
) - v
00‘\’60 'GO,Q P:c’c‘
o o
Q\’

Fig. 4-7 Effect of single immunization with empty PL plus OVA-GC-PL on induction of NKT
cells. EG7-OVA was subcutaneously inoculated into mice. At day 7 after tumor inoculation,
PL was intravenously injected. Three days later, OVA-GC-PL was intravenously injected. As
a control, OVA-GC-PL was intravenously injected without pre-stimulation with PL. At day 3

after immunization, a frequency of NKT cell in spleen was measured by flow cytometry.

Without pre-stimulation With pre-stimulation
CTL (OVA)-mediated activation
NKT (GC)-mediated activation

N\ ()N

S

C

Weak antitumor effect Strong antitumor effect

Fig. 4-8 Estimated contribution of CTL and NKT cell to antitumor effect induced by
OVA-GC-PL without or with pre-stimulation with PL.

WAl B8

KKEtn e, 220 PEG &4V R Y — L (PL)ORIHIE D% 2. OVA-PL 2 H
WTCTHIETHZ LI LD, MREGEME T MIR(CTL) OFE 2 8 S 4u, OVA %
B Cd D EGT-OVA OpENIf S D 2 &3 5272 - 72(Fig. 4-2),
F72OVA-PLICa T2 FintT I RGOZRMTHI EICLD, i
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PERIBCCHUES R N IR XD 2 & B BT - 72 (Fig. 4-4),

PUREE A APOICHUR Z b3 2% Z L2 kv . CTL OFE I HER X i,
fEG R IR SN b & SN Tnb, ZOHBKDOTDIZ, APC 218 L35 Y
A v R TR LI HUR uPURAUA R EE &K 2 VT, APCIT X 2 HUR DY
A F BN S D HFER TN TV 5 (6, 20), AMiETTiE, 220 PLIZ X 2 i)
Wizl > T, Bl PEG IgM 2W#FE i, 3 H#IZ OVA-PL &5 L7zBRIC
OVA-PL/#it PEG IgM/AfitR DG A AA in vivo IZEBW TR XL, MZ-B #l
JIZHEAG L TWD EEZBNDS, MZ-B fifldix, @HEO B ML v PR R
REICHEIV(1D), F7oRRAIIL X 0 FURTRREBIZS D & O OMIBIENA 2\ & ) Fy
BAa2FH>Q1), TDizH, Zd OVA-PL @ MZ-B #in~ofE&#n2y, MZ-B
AR X D PURTE R 20 S, OVA FrER) CTL OFFE A HE5R L T 5 AlgENE
mE (Fig. 4-2), —J7 T MZ-B #ilaLigt oo APC 73 CTL OFFEIZfE 5 L
TWDAREME S B E TE 2RV, §1 TNP LA FHE S ivfo~ 7 212 TNP-OVA %
FIRNE 592 & BRIRHIIIC Lo THREAZ <V A £, CTL AFEI
HZEDNMESINTNDQ2), Fl-illixiiA e 70 )y r~ra7 7y — VI
Jia%EET 52 LT CTL OFEREmINL Vo #HELHH(23), Ll T
AR CIE, BIiRCiag i A4 n 7 4V v ~rm 77 —UI2 K 5D PL O
D IAFZIEINE A BT, KERFHIB W TIEEZ 5 < MZ-B #ilazs APC & LT
BELTWSEEZE2x N5, MZ-BHMIRZEMELTIENAT 7 F AT O TIE
TIFEAERESN TR o7z, L LEIT., Bk sko =%y vV — A4
(dexosome)lZ LA AYU 7 F 2B W T, MZ-B filaoBEERNREINTEY
(24). MZ-B MRIEH LD 7 F o3R8 AT 7 F o OFHBISEIE L 22 500 b L
720N,

TV 2Ny NeEE R OVA-PL IZ X 5% CIlaEgEREMmfIi R 2R~ 7-
DT 3 EIDGEIENSLIETH -7, GC DU L 0 | 1 [l TSR R
HIh 2 mxd 2 ERASL M- 7= (Fig. 44, 46), GC [FFF 27 /1FT —
TINKD#E 2 &AL L CFHF o T 0% 7 =Mz iEr e+ 5 & FEFCA8),
NKT Mifu/» 6 EA S IFN-y 240 L C CTL #FE 2 8595 Z L 3ass &
TW5(25), Fex OFHIBWTEH, GC ORI LY 1 HofhET CTL #FiE
DR X Tz, £72 in vitro IZBW T, GC OFINIC X v Mlgimin s & o
IFN- vy EEAED3M N L T\ 7= (data not shown), =D 7= . GC OEIMIC L v NKT
FRATEME L S, CTLBEN M I Nt E 2 b b, £7-. NKT eI
RNIIEMEALT 2 b 0D, FOIEMALIT —BETH 5(26), TD=H, NKT #
B DIEMEALITLE 9 HUEE R R O BRIz ST, NKT AR A BRI 4 7
BT HEENRE LY L, CTL 2 L T2 %G 5 R 72 b o 5 H3
KREDST-OTIZR DN EEZ BN (27, 28),
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—J7 T, OVA-GC-PL T L 5% TiFE 5 NKT Hifao g+ oFlIE 1%,
HELLERE & LRl U TN L7223, 2200 PLIC X AR OFEIC L > TED B 7
molz (Fig. 4-7), ZOZ B 1 >OREEMEE LT, NKT Ml L7= CTL
FHE OGN RIIATAROFEZ 0D LT, FARETHL EEZLND, L
7> L NKT #ijaZ2 A & AW EREH 72 CTL OfFE(Fig. 4-2)1%., B OIFEE T T
B S N Tz, ZD7=8, 220 PLIZ X 2 ETHREIC X - CHES AL EMHIZh A
B L 7= DlE, MZ-B 12X HEENZ CTLBEN R SN0 L HEE SN D
(Fig. 4-8), £7=BoalfetE L LT, NKT fifaoH 7% v FBEHR L TWD
L7229, 30), NKT g T, NKT %1 7 TIIHUEE e I @ < 23,
NKT % A 7 ISR ENCHERET 2 2 E S ST b, 4 NKT #ilfaik
IR OEEIZED LT, MU Tho7en, 7y hOBIEGHZE{LL T
Hh LI, EDT=D, A% YTy T EDBITNRMLETHDHLEEZD
o,

RS A S A L 8 < BARIE SRS MR CTL I L A OG22 FHE L, IEERK
EaRiET D & TW5, Sl T i (Treg) o886 B S ol A (MDSC)
TR 2 RIS ATEICE W TSR SN TEY ., CTL #iEXHEL THRAY 2
FUNREG T HRNN B 5B, 32), EEE, 2V 7 FUEEICE - T,
MDSC /L., CTLHENLEIND Z ERHEINTEY B3, Zhnb0
Mz NI 7 F U ORBNLEEND, FFICHWDL T Va Ny MK
- TlL, Treg ®° MDSC OFFENEAT 572034, 35), 77 F U BAFIZH T
HMELZ2TNE RS0, Fxr ORGSRV TIE, 220 PL & OVA-GC-PL
W2 X DI L0 | R D Treg DEIGITIZA L L 72 r > 7225, MDSC OFIG I
B L= (Fig. 4-5), Z1E MDSC DI/ A g AL A B — 5 % 59
LAREMENENZ L 2R L TWD, BIRENZ L2, &l DADETFRIE
PEVEIZIB T MDSC 2 H Wik Aand 7 KT 5(36, 37), 18%H Tl fez i)
P MDSC Tdh 57, GC 12Xk 2D NKT HilaDiEM L2 4 LT, Bl R Al fe
PRRRBIREEIC LT B Z ENE SN TS, TDTDFHX DBFHIB W T,
GC DFRIERPLIZ & > TREAZR B WO MDSC A hIRAIE A Slomb+ 52 &
IZ&E W, MDSC BN LicboeEZx6b, ZOZenb, aAPRLEY
7 F VAT AT AN ST, D LARD IS EITLY,
PHARBTIEGERRR 2 IHT 5 Z & D EIff S L5,
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FE SN IMER T OFLE T TOH, PLIZ MZ-BHIRICHEEST 5 Z L0835
272 o7z, FMERTFOHF T, FIEEE PLIZ X - THE I 51 PEG IgM
EROM IS PL & MZ-B #llgE OFEAICHEATH D Z LN RENTZ, ZD
ZEnS, 2 E#E PLIZH PEG IgM oA 2 4 L CHRIEBEA RN S
. MZ-BHBEICHE S T2 2 LR S N7, —J57CPL 20lE#E LiaWigs
IZBWTH, MIERTFO#@EIC LY PL X MZ-B HIIICHSS L. I~ S
Niz, ZOZ &iE, PL & MZ-B #lid & 0fEA<° PL OIE~O#EIC, FlE
PLZ & » TREIEE 72 MZ-B a3 LB T2 & 2oRIBT 5, & BICAKGT
BTV TNOLEICE N TS, PL IE MZ-B fifaListolgl B fla<e3E B
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TS T 2AHRTETHD Z LR ENT,

5 —F T, PURENA PL OB~ OnsH R 2 HI ] U iz M S OIS O3
i B L OVA ZE7 R & L THW TR ORBGEEZAT o 7o, ARRE T,
OVA # A PLOVA-PL)DEFIRNEE G2 L 2D 3 HRNZ, 220 PL OFIRAN
BTG X DA 21TV OVA-PL OIERA~OEXZFHE LTz, £ORE, 7l
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61



HifEIZ X % OVA-PL OJEH~DE%EEES 5 2 LI FURSS W D FR )
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TOWFRTIX, V7 F U REHMR S D PUREED AT L O H[RF G DHT
JREERDAIEH LIEMERNE LA ETH o7, L LIMOHUFEES AT
DB NWTHED IR LEGRIZIL, PL O X 5 IZMIENELRE - Frit e 21k
L. U7 FURRDEAT DRENEDNH D, AUTRILY 7 F RIS T
VIR LG O@BE L A MR T 2 BEMEZ RIS DR L2500 Liv7guy,
F—HTINETOHFREEY AT LOFIZIW T, ENs T2 e L
7o U7 2 W THREMICEERME L TE 72, L LARBIZETIE. PLICx
DRIEPOS R 5 Z LI X0 MZ-B iU fa ~Fulil &2 2552 L, 5o SO
IR D Z LTI LT, 2D X9 72 PEG T % S RUSLAARN O HUR
A AR AT 2 Z LI3AHTHY . RO 7 F U BFEEIE L 70D Z &N
LUESISY SR

62



B

AT OZATICHT- 0 . AR E, L2 £ Lo, 85 RKRFRFE
ANIVANA T A T AWFGEEL R ENRERIE 0 B B SAE TR IR
RHABEERLET,

AWFFEDOFATICHT- 0 | EIEEIEE W% BRI EL WV TFXF
L7z, FEERFZRFZFEANIVANSA G A = AWFGEER SR EhRE I 5250 B
1 ISR R L JEHI W= L E 9,

AWFFENTER L. AR DB E 2 W o 12 & £ LI RIORFER B 2 Fe
FNEVEESE, & H R S0 X0 T2 L E

F 7D 3 R OWIFRERBLE, TERAM S L EEE & X E LI,
gt R -+ Amr S. Abu Lila &+, B FEKE L. 4fHEN
ELITE LS EFHFHN T LET,

NI HENEESPNE S S S5 7k uli S0 €AMb SIANEEY oY e NANE: VN
WFFRDRATICHTZD WS - FER N2 IZE E L2, AR £ REES L
BRI RS DA S AR EH L,

T/, MFEREOFERNS AW/EEE TIH IV W IS R Y)
FHREFHIE 2B ORI OO RBALH L EiF£9,

TR BARMIZED —FR L. H AR B R B 2E B S b B GREEE 5 : 25 - 10060)
OIRICE DD THY , ESEGHWZLET

=7

W0 FE LN, ROWEFEZ S > THIZHEMIIC K TS NTEREOFE
PRICTR < W2 LR

63



