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Ab : antibody

ABTS : 2,2'-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt
APC: allophycocyanin

BM : bone marrow

BMC : bone marrow cell

BMDC : bone marrow-derived dendritic cell
BRM : biological response modifier

BSA : bovine serum albumin

CA : caffeic acid

CD : cluster of differentiation

cDNA : complementary DNA

CLEC : C-type lectin

CoA : trans-p-coumaric acid

ConA : concanavalin A

CTL : cytotoxic T lymphocyte

CTLA-4 : cytotoxic T-lymphocyte antigen 4
CY : cyclophosphamide

Da : Dalton

DHP : dehydrogenation polymer

DIW : deionized water

DMSO : dimethyl sulfoxide

DPPH : 1,1-diphenyl-2-picrylhydrazyl
EGCG : epigallocatechin-3-gallate

ELISA : enzyme-linked immunosorbent assay
EPP ; enzymatically polymerized polyphenol
ESI : electrospray ionization

FA : trans-ferulic acid

FACS : fluorescent-activated cell sorting
FBS : fetal bovine serum

FITC : fluorescein isothiocyanate

GALT : gut-associated lymphoid tissues
GM-CSF : granulocyte-macrophage colony-stimulating factor
HIV : human immunodeficiency virus
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HPLC : high performance liquid chromatography
HRP : horse raddish peroxidase

HSV : herpes simplex virus

i.p. : intraperitoneal

ICAM-1 : intercellular adhesion molecule-1

id : internal diameter

IFN : interferon

Ig : immunoglobulin

IL : interleukin

LAL : limulus amebocyte lysate

LC/MS : liquid chromatography-mass spectrometry
LFA-1 : lymphocyte function-associated antigen-1
mADb : monoclonal antibody

MACS : magnetic activated cell sorting

MAPK : mitogen activated protein kinase

MHC : major histocompatibility complex

MRNA : messenger RNA

MTT : 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
NF-xB : nuclear factor-xB

NK : natural killer

NLR : Nod-like receptor

OTPP : oolong tea polymerized polyphenol
p56Lck : lymphocyte-specific protein tyrosine kinase p56
pAb : polyclonal antibody

PAMP : pathogen-associated molecular pattern
PBS : phosphate-buffered saline

PC : peritoneal cavity

pCA : polymerized caffeic acid

PCC : peritoneal cavity cell

pCoA : polymerized p-coumaric acid

PCR : polymerase chain reaction

PE : phyco-erythrin

pFA : polymerized ferulic acid

PMA : phorbol 12-myristate 13-acetate

PRR : pattern recognition receptor

rpm : round per minutes

s.c. : subcutaneous
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SCID : severe combined immunodeficiency
SPF : specific pathogen free

SPL : splenocyte

TCR : T cell receptor

Th : helper T

THY : thymocyte

TLR : Toll-like receptor

TMB : 3,3°,5,5 -tetramethylbenzidine

TNF : tumor necrosis factor

TP3 : TO-PRO-3
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A, HEEEICBW CEEbiTEE T2 Lo TERVWHEO -2 Lo Tk
D, KHOBERL DL NN EIRLIESWNARZREET S 720, & EEBEMFITKA
R EAT o TS, FAETIX, 2000 Fl2R 2 Lz TR A A 21 25 2013 4
BIES 2 a2z, ERO@EOHEEDRA I RHIEEL X D 72 0 AR 72 J7 6
EENTWD (fEHE B A 21 : http://www.kenkounippon21.gr.jp/). HAKMYIZ, H4EH
DY, EEHFMOLEMENEFOEON EE2FERTHZLE2HEL, (KX
DFEFRARDOPLTHoTEZICL D2 RMEAITRFEIZEEEDLZ &, &
FEREZWEL, BRORBIFZ THT 5 [—RT) IC—J80ERZE VTR R»H
EENTWD., EROBMEMSE~OHLIZTREICEN ERD, RAETERS TITAE
HEEEORBE L MTbh, Yaxrr, 427V 7 EOEBHMNEMAYICED
ANBNTWS., BATAF 45— a Ik D5 MAOMEEHENERES LT
WOLEREZITT, ANAICARRFEHEENZ68T oKk~ RERERMSICER -
FREEF->TWVD. &V, BHFEMRILICESE, ZOFIME - L EIC
AREINT TRHFERBEARS X, MAEOREEREROMIZRB LML THS.
fREFEHE VL CRBWEBE) A REERERM O —D & LT, MR MTEN
JER LoD dH -7 1991 F Il E AR S h, BEIC 1000 &k B Z 8 2 % 5 o 28 7F Af
INTWD. BifE, ZHAGBEGFHREOHGIFEM, 720 CITH R Mt R R
DB AT 2B & NIERLL TV D.

BEREME & L O M ATV, BEREME R G O ERTREMEM &2 5 B & Je B REE 0 1
DREBLOEM AT =X LD R F L RXALTEACITLODATWND., RER
Rboi, BIBERZ2ET 520 BEE (Fae XA 4T 427 &), KIEH - 2L 27
2= VORI REFFORY 7= —VEPFET LN, ZThLIEIRICERO A
EICRS<REL TS, ABERIL, BAEFEOM KB LTX L A& HEA
LizlN7e—7 (BNMEE) o7 o2 &2dE L, BEMBEWE - TRERZ L
DEEHREZRTIERREINTVDE V. FREETE, KU 7/ —LED
BRx IR KPR - ABBEN R LI THD. fIZIE, =vhehTxs
47— b (epigallocatechin gallate : EGCG) # (XU L T 2K EHKKRY 7 = /
— VL, PR R D, e MR R4 7 A L A (human immunodeficiency virus :
HIV) Zh3E >, Bt £ ¥, BB R Y, HARFEEDE ", sz 1 A7 8
— VR D A O x AR A REREE AL CWD. 0, AT X CEOKRY
~—TbhbDEBHEAEAKRY 7=/ —/ (oolong tea polymerized polyphenols : OTPP)
IV R—EBOHEEEEZFDL, RFOE N 7YY FILEZME T2 &0
WHEENTWD 21O BEEREL 2D IS LA ROBENES FOLEBiEER LV
ZDRAH=ALBITIZEY, TRETCARERALE ST RBHOIEIADE LAY,



FMAZICEDLEEE LT AT 4 r—v a3 VERZHRLICESWTEETE S L
Il o T,

—HT, I TN FT 4 7 ARBPICARY 7=/ — V@ L AR
FREETEME L LT, MEHRERBEANERE SN TS, &ih & AERORBERME
WL ERMINTE RN, TF, BEREMENBRE LI E CHELREMR%
Mz TW5., BRBEEEA S FL_LTHEMICHITESND L2120, 20
FECTE L O RFENHE & vi=. Toll-like receptor (TLR), Nod-like receptor, C-type
lectin (CLEC) 7 & @ pattern recognition receptor (PRR) OAFFENH LN E /R Y, H
REEMZEITE L VWREEZZ T . PRRZNMLCEEESNEY A PO A U725

CTEI A N, EOMOKREMEEEE LSS, HREOHERZRT P F
7=, 5?ﬁﬁa?ﬁ%ﬁiﬁ'@@ﬁ“é%ﬁﬁwiﬁ%fﬁ@%ﬁﬂiﬁb\fﬁ%?é7‘5 TR, &
REERE O S, B, MRICLERICEDboTED, IR E I B W T H
HEREEEZRZL TS, HE i%i&ODﬁffﬁiH’?W%i%’)}\{Zliﬁijt@ﬁafﬁﬂﬁk
THY, ﬁaﬁﬁﬁ%@i%fﬁnﬁﬁ'ﬁ%ﬁﬁ?& LCTHEEZEDTWVWD. BEICHET DIH
AR B I3AE 2 3 fiin & i L TR0, RERORELGHIHICEEREES 2R
L TWd., BE~ T XX, EEED D WVITHRIE & W o o g S &R &
LLIBEWZ Enn, BMNEENEFOREISEIZH L TREREELZLEZTWVD
EEZLND B IBNMIEREIC X D WL E oML (gut-associated lymphoid
tissues : GALT) OIEM{bZ HME L TREAZ XTI 20N, LBHELEDO T o N
AFT 47 ATHD. IHIT, BHRGEORBEMEN BRI INDIZONT,
~r/m 7y =2 BRI REENTOMEPMEMORT OB ICE
PEFE R IR AL TV Z &b, 2o 2 W EEREE S /X% —
(pathogen-associated molecular patterns : PAMPs) L #:95 k 2122 -7, Zo Xk
I FLULRALTORHEANEALATEZLICEY, BRNICAEABTIEHED R LT,
BEHEBLOZTORS, SHIZFRMPICEEND PAMPs IZ & - T GALT 13i%
HlbshdEWNWIBLEFRER L., oAt 74272 LTHRHSRD —H
D FLEEH (X, interferon (IFN)-y FEAFFEIEME 2 E OG0 S e B IE IR 2 A L T
D18 JEE R D N R YRR ICB) < 7 F = T % T — (natural killer : NK) #f }
BREEBEXLTCEMALT AL EZBELLEFERED LN TS T £,
Singh & Aggarwal % — A U v 7 2% £ 5 curcumin 2385 5 [ F nuclear factor-xB
(NF-xB) ##Hl T2 2 L2WoNIC L EICmERL Y, K, sy1r—7v
— K2, Frno D RLrolEEELLOEONTE T = ) — LAY b R
NF-xB F £ " mitogen-activated protein kinases (MAPKs) Z il 4 % = & THE > A
%A%?ﬁu%ﬁlﬂ“é ZEBHEIN TS, NI, EGCG 2 b NZ E K a % UL

FHEERREDIKRS 7 =/ — A MELEWIL, RN FE2ENE L THRIEE
ﬁﬁ%m#@irﬂz}x B BB b OIS T, BEICRIEOREM, T LILX—



DFERBE A HI L LCHFERED ST\ 2620,

T RIEER 2 A+ 5 &1 — & H1Z biological response modifier (BRM) & Ff &
W, BPAETEHSNOEREOEMEENMEAN SN TE 2. WEEREIZHEL L
TR E AR OBRHERZ R NEBINT 52 & T, GALT OigtE{bka i L <oy
HEOREVAT L EZ ERIELZLENRAETHSL. EXHILIINETIZIT I VNVE
FEOIMPETH D7 A Y 7 A (Agaricus brasiliensis : A. brasiliensis) @ H %k 5% 34
HIEAICOWTDOSEE1T > C&7=. A brasiliensis ® E2HE/EH & LT, R
PANEI R 2D, LA X R Y v ZFEGEEEZN R Y, FFREER O, RrBnmE s
TWb. £, ZOWEFFEEICITEE LR SR MMWERE KRS Th S [B-glucan
B 12.4% (BARABMOTE X —fX  BREE) CEFICEENLTEY, FiZ
B-glucan |12 X 2 HIEIE A B 32 N ETICEBERESNA TWVWDS. & 512, helper
T(Th) 1 MRS A FFE SO o b A CPEAEFEER T, 517 L —%) 5 %9,
T T 4T x T — RS EIER Y, NK R IE ML ER 4D A E o s Y, A
brasiliensis O HEFEIER 2 Ef T IF TW5D. EF IO EEE T, A. brasiliensis
OmKIE®M A TLR2 2 L CHM KA E S, RIEMES A PV THD
interleukin (IL)-6 O PEA ZFFET 5 2 L 2 8HAE L . & 512, A brasiliensis 20 5
Y S AU72 93 I8 1,3-B-glucan 84 % /0 & & T AT % 1,6-B-glucan 7%, B-glucan = &1k
Td 5 dectin-1 (2585 & #u, tumor necrosis factor (TNF)-a 72 E DY A M A %3
4% Z L, granulocyte-macrophage colony-stimulating factor (GM-CSF) & HiJRl 427K
MM OGFEET T, IFN-y DEAZBAICHFEST L2 250 & L™, A brasiliensis
IR DREEMA N =D BRI, 1A IFN & LTHmb6nD IFN-y
X, UANVREERREIZ, EICThl Ml oEEINL2Y A M A D 1FT
HY, NKHEZ 5T F 7 —T M (cytotoxic T lymphocyte : CTL) D& ML 1E
AL TWD %) 5 o THREMER S L D IFN-y OEAREIC L0, NK#aE
FOCTL DG L Z A L, MERE RS CICEEREICB T 2 EERIGE % N/
Carbr—AT 52 LRARERDL. AETIEINET, ARHNEHTHDL &
A %/ (Lentinus edodes) 72 & NI A= kb & Z & (Schizophyllum commune) >k ®
B-glucan THH L U FF v, ¥V T 4T 0o EERLE, BKEIZBWTE D
EHSERRBD LN, BEEFCH L THEASh TEAERERH D 9. fto T,
AR R MICE 5 B-glucan IZ b AR 2IEHEZ ML, BRM & L CTHIA &
NTW5. 1,6-p-glucan 43Ik 84 % £ 1,3-p-glucan (ZiX ™ IFN-y PEAE G EE 2N
HY, L OEHERHICBWTRAOEBIIZXS NK%EHH@YE‘@MVEH% M|E SN TWH
L. R EORBEEEGEDT DT A=A LM IV, B-glucan X HEME & L IC

B D EERGERHERF & L TALER TEZFHZ.

— 7T, A. brasiliensis ¥/ 7- £ KI2 1%, B-glucan O AR 53, TV 7= LI

3



BENdED AR 7/ — VENK 36%EENTWDLIERHLNER ST (14
WNBRPEEENE 2 —f~ L), @, V7 = Idm Sy oM aEE 7
ELTHEY, FEREEERROLR LT, AP HET 2D MERNICY AR
CEERTWVWD P, U =%, Y F AT La—L, p-Z <UL TLa—),
=T 2T aAa— A REDT =T anX ) A KRN FEF B R LW
T v =B E VWS TMBzOEMEZZ T T, JV LRI ANAT YT VT
JRIZ RV EMICES LAERGEREGS T THD 2. v EAT L a— Lichk
THV 7= 3y XAl rsr=r (SUV 7 =), p-Z~ U A7 a— LiIZHKT
597ﬁyitFH%V7I:Wuyﬁy(H97#7)3#7IUW7W3*

THkTHY = /i77/|’7//1/)7 Y (GU T =) EMEIEN, &k
LI ENEN N AL — ALl =Wt BEEELZERL, Err—2X, ~3
Tm—R LIz 7M|Sbfp*%ﬁ%@fﬁiﬁ’wﬁ%%ﬁkL“Cb\é (Figure 1) %39, =
Mif®ﬁnf,ﬁ%ﬂ%%ﬁbt)7%/ﬁkkwf A TN HF AL
Z, HIV, Hiffi~/nL~<Z 77 A /L2 (herpessimplex virus : HSV) 72 &2 %3 % H#5 5H 4
FIRPME SN TND P 52, Bt EOEATEEEZRT Z &5 5,
V7 =rvoffiab AT — W ERICEAEREET TS, £, VA X TFHELK
R EHY (LEM) QXA EBRICL DV OMINTZKEEY ZF7=rv B XY
B-glucan A& N TE Y, HEREFEMEL/BRE SN TWVDS O Zh kT, B-glucan
CXDRERMEERIZOVWTONRITIMREN RELZET WD T, V7=
FORBERIIHTIHRIZOVTOHREITIZLEASTLATHROREIRTH
5.

AR L72X 218, 2L OESF7 =/ — A MiLAWITROHIRRLEME & i,
RIERO I T LT = E0RELMMlT o8 ELZ =T, ThbD7 =/ —
MEAEEWIE, P ICHEETLZ A EF Vv E—8, K 7=/ — A FF v F—
TORAICEVESDICEAGT S Y. AT EREORBEL, HL B+ 5Z b
THABHLZRIESELID, RERTHMAZRKESIETICEBESE LD, OTPP
DEISRBHEEFAOR) 72 ) —NVEEKEZHFGLIZ LN TE D, £, Bx -
RECBITDIINOLOBRBEIMEMNBEL L TCHLN, BRAIFHEMNICESRY
T2/ —VERELLTERLTCWS., LrLARDL, o FRI) 7=/ — )V
DHFELZRICHTHERZLCICA D = RAZOWTIEMRBT XTI TE S
T, V=V HEOBREBE~ONRIT, AxiZiEFEAmbinTninonEik
ThHhd. ZNFETIZ, RRV Z7=VELZLRIZY 7= BRSOV T, in vitro
FIPICB T 2 REH L ~O R E L TY SR BALTEIE 2 E O E 72 @
WHoHN D, KRB0V 7=v0% 3EHEH, #2578 0BAKRERK
LTEY, TORELRERNNETCHD ZENLEWEEOEERLORER X

DT AND=ZXLDRHIZIETE-> TR, V7= HOGRERICHT 20 ER %



BT 2720I1E, Z N7 HRLTICEHER, b3z FhFrrlo
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HO ——> G-lignin
=
OCH;,
sinapyl alcohol OH
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Peroxidase / Laccase c——)» Lignin

Figure 1. The proposed major structure of natural lignin.

Freudenberg & iZ,

¥ (dehydrogenation polymer :
WAtz LY,
AT = X LB REE 1,
RO AREMEN R I N T E .
W< 5D,

OV 7 =BG E RIS,

V7= ORI ROBR T, BMRBICIDIES - BESHK
REAMT L, invitrolCBW TV V= EFARY v —Z2/ERI L= %, BAZEES
DHP) tMEIEN DAY V= ET VR ~—%H
ZHETIC HIVYY, HSV® A X ici 42T A VAR N+
U7 = VEIT T ANV AREYICR L CH e ietE o 1+ &
KB ML OMEOE N V= 2t 5 2 &1
V/7=vE/)~v—TbbH 7=



nzenN) A4 FEBLIRZ0FERIINV AV X —BEIEHEIESZ LT, B
FHICESSEEESFARY 7=/ —) (enzymatically polymerized polyphenol :
EPP) Z{E8l4 2 Z L RNA[BETH D *P. EPP I RARH K Y F = L1382y,
g—A, NI o —AREFO%EHE, FUoRXIJE, = RN UREDEAN,
D NICHHFICEL D ALK AR EDOBEREEHMZRIRTCE D20, V7=

X DT REOMATICE L C\WD . X 52, BIBEK{A (precursor) O FE¥E %
RS 22L&k oT, T/ V7=V a2 ERTLLBAETHY, ARITHEM
TARY =RV 7= b FHELHLBRERE T 22N TES. ZbOEM
EREamY) Z7=r2H0T, RERICHETIEMBLOLDO AN =X L &R
L2LT, EMBERZAMNE Lol ah LT, V7= E0
MRt AR) 72 /) =V EFHTELAREEND D.

AHFFETIE, BRI 7= /) —LDOGREZ~ODEREZHLNZT S0, 7
=T a4 FEHEZBZENICEASIERZY V= At EPP 2/ER L, in
vitro 72 5 N2 invivo ICRB T D~ U A EH Y ~DOIER & A = XL Z T L
7=

A Xk, 2= BEHELESKY 7 =/ — /L (enzymatically polymerized
polyphenols : EPP) DL & T ~D 2 |, 5 % [EPP O @ & RI5T%
PEIZ BT 2 B M i AR AR 2% ), =% TEPP O N & 52 X 2 HUEE
KB X ONK MIEEEMIEN) LR TWnD
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[7==vTuX ) A FH]

+ 3,4-dihydroxycinnamic acid (caffeic acid : CA)

« trans-4-hydroxy-3-methoxycinnamic acid (trans-ferulic acid : FA)
« trans-4-hydroxycinnamic acid (trans-p-coumaric acid : CoA)

WA bk T &t
[¥5 3 KL OV
+ RPMI 1640 medium Invitrogen ft
- Gentamycin sulfate Sigma &
- Fetal Bovin Serum (FBS) Equitech-Bio
- HygroGold (Hygromycin B) InvivoGen fh
- 5-azacytidine e TR A
[ F ¥ K ]

- JE{# 1L FBS : FBS % 56°C @ /K ¢ 30 4y IR L, FEM{1%, -20°C 12 THRTT,
MR L CH W,

- U U ERFE B R MK (phosphate-buffered saline : PBS) : NaCl (8 g), KCI (0.2 g),
KH,PO, (0.2 g), Na,HPO,-12H,0 (2.9 9) Z i1 4 > /K (deionized water : DIW) (Z &
fi£ L C 1,000 mL (pH 7.4) & L 7=.

- ACK-lysing buffer : NH,CI (8.29 g), KHCO, (1g), EDTA/2Na (37.2 mg) % DIW [Z
gL, 1,000mL &L, 742 —JHE LD ERICHEMNLZ.

- AC buffer : NH,CI (8.29 g) % Tris-HCI buffer (pH 7.5) Z#fi# L C 1,000 mL & L,
TANE —E L OxERICHEMNL .

- MTT ¥ : 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT;
RSt E AL %) 25 mg 2 PBS 5 mL ICIAfE L, 74 VX —KE L= b D
ZREBICHEM L.

+ 0.1M sodium carbonate buffer (pH 9.5) : NaHCO; (7.13 g), Na,CO; (1.59 g) % DIW
IZ¥Af# L C 1,000 mL & L, NaOH T pH9.5 [Z#%& L 7=.

-FACS %o Buffer: FEEI{L FBS % 1% & 725 £ 9 IZ PBSIZH %, & 512 0.09% (w/v)
DT AT NI T LEMZTbDET7 v F —J8im L, ERIZEHLL.
CRFETERNVEWHR - TEREBMDRFKREBEEREZ 6:4(VIV) E72D XD ICRE
L, FEBRIZMHEML L.



« TMB microwell peroxidase substrate system KPL Inc.
R A (R EK) R G B HEpR A= 4

+ Dimethyl sulfoxide (DMSO)
« Folin-Ciocalteu 7 3£ Sigma £t

- 10% T MEREE AL AT LT B RIRH (pH 7.4)

<R bk FE (H0,)

- Polyoxyethylene (20) Sorbitan Monolaurate (Tween 20) M TS
[Varvet v b7 H]

+ Recombinant mouse GM-CSF

- Recombinant mouse IL-4 BD Biosciences ft

+ Recombinant mouse CTLA-4-Fc chimera protein R&D Systems #t

+ His-tagged recombinant mouse CD4 protein

+ His-tagged recombinant mouse CD8a protein Sino Biological Inc.
[ fed ol 55 A ]
+ Pam3Cys-SKKKKx3HCI (Pam3CSK4) InvivoGen fh

+ Phorbol 12-myristate 13-acetate (PMA)
« lonomycin calcium salt from Streptomyces conglobatus (ionomycin) Sigma *t

[P 1A 45 F ]

+ anti-mouse CD4 (GK1.5) (rat 1gG2b)

+ anti-mouse CD8a (53-6.7) (rat 1gG2a)

+ anti-mouse CD11a (LFA-1) (M17/4) (rat 1gG2a)

+ anti-mouse I1L-12 (p40/p70) (C17.8) (rat 1gG2a)

+ anti-mouse CD16/CD32 (2.4G2) (Fc Block)

+ rat 1gG2a isotype control

+ Allophycocyanin (APC)-conjugated anti-mouse CD4 (RM4-5) (rat 1gG2a)
« APC-conjugated rat 1gG2a isotype control

« Fluorescein isothiocyanate (FITC)-conjugated anti-mouse CD4 (RM4-5) (rat 1gG2a)
* FITC-conjugated anti-mouse CD8a (53-6.7) (rat 1gG2a)



+ FITC-conjugated anti-mouse CD11c (HL3) (armenian hamster 1gG1)

+ FITC-conjugated rat 1gG2a isotype control

+ Phyco-erythrin (PE)-conjugated anti-mouse CD3e (145-2C11) (armenian hamster 1gG1)
« PE-conjugated hamster 1gG1 isotype control BD Biosciences ft:

+ anti-mouse CD54 (ICAM-1) (YN1/1.7.4) (rat 1gG2b)

+ rat 1gG2b isotype control

+ APC-conjugated anti-mouse CD3e (17A2) (rat 1gG2hb)

+ PE-conjugated anti-mouse CD8a (53-6.7) (rat 1gG2a) eBioscience fh

« FITC-conjugated anti-mouse CD11b (M1/70.15) (rat 1gG2b)

+ FITC-conjugated hamster 1gG1 isotype control

« FITC-conjugated rat 1gG2b isotype control

+ PE-conjugated anti-mouse CD80 (RMMP-1) (rat 1gG2a) Caltag Laboratories ft

« APC-conjugated rat 1gG2b isotype control
« PE-conjugated anti-mouse NKp46 (29A1.4) (rat 1gG2a)

« PE-conjugated rat IgG2a isotype control BioLegend ff
+ Peroxidase-conjugated anti-6-His antibody R&D Systems #t
- Peroxidase-conjugated anti-Rat 1gG (H+L) goat pAb OGS T kXS4
[Z D]

« Type Il horse raddish peroxidase (HRP)

- PKH-26

+ Bovine serum albumin (BSA) Sigma *t
+ 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical oAbk T2 kR XA 1

+ 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox)
Calbiochem Inc.
+ 2,2'-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS)
Frofe i 38 T2k s+t
- TO-PRO-3 (TP3) Molecular Probes fl

ERLES D BE T N THT IR O R AR RS A v Tz



[HE A B ]

- YAC-1 (RCB1165) (v 7 & U » /3Jji)

- RAW264 (RCB0535) (BALB/c HI3k~ 7 v 7 7 — VA HIIA£R)

- P815 cells (RCB1167) (DBA/2 Fa 3k It ik M e il ) RIKEN Cell Bank

BN EZ)
- MM C57BLI6 v 7 A
- HPE DBAI2 v 7 R

- MM C.B-17/lcr-scid/scid Jcl (SCID) ~ 7 & HARZ L7 &t
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2) EBRITIE

2-1) #—FEOFERGIE

2-1-1) MR EHEARY 7= ) — L OER

V7=V kEED+ARY) 7= — VORERZAKIL, HRP (Sigma) &, precursor &
LT3 MED 7 == 17X/ A K (CA, FA, CoA) ZzZnZTNHWT, BE#
DK BT EEB BT > 72 % 28 10mL @ PBS (Z precursor 200 mg % ¥
fig L, precursor & %€ /LD NaOH TH 14, HRP 1 mg Z iR L 7. H,0, &K (30%)
Z PBS TO0.1%& 725 X 924K L, precursor @ 1.5 mol £ &4y ® H,0, & ) « =
AT 1RFM2T TR F Lz, M FR&TH, SI&HE=RICT 2 R
T, B K T 20 S IR L T HRP & K0E S W72 = Lk, 115 % 4y F & 50,000
DaDFEMIEICHE L, +&ED DIW T2 HMET 21T o7z, &Mk, oKk
R %= AS 2% L, EPP [CA, FA, CoA ®EA K% T h polymerized (p) CA,
pFA, pCoA L 3 5] O K%EZ 7. EPP 72 & N precursor [T 7 4 V&% —JhE S 1L
72 DMSO (Sigma 1) (2% f# L (20 mg/mL), S K T E I A R&, Migss: %
W=,

2-1-2) Rk ot & o it
EPP 7¢ & TN precursor 1 @ [k # (carbon), /K3 (hydrogen), %3 (nitrogen) &
EORETRAIER KRR R Z =B W TEm L.

2-1-3) =T R RV DER

TV R hF U2 kD limulus BOGPE C R0 iEME LI v KA —ES-50M
Ty b (BIEEAALAAE TR ABRKEH) ZHOTHRAAEREEEICL Y HIEL
7-. BEHES, & L C, EscherichiacoliO113: HIO kK= R ¥ v (= R bF
VUBENEN CSE-L &y b AL A E R AMKE) AL SRR
WREIWCABEAK (2 F X, Bglucan 7V —) THR L. RISITFEED 96
X0 Toxipet plate 96F (A LA 4V AKX EH) ETUTFDOEBYITIT-
7o BRIR 50 uL & well IZ A, LALRES souL 22 o well 2z 7z, 7
L—h% 37°C TAH Vv Fa—varylhanb~vf a7l — kI —%—
(Wellreader SK603; Efb% /N A A B3 2k th) &2 A0 TERZEAICEROLE K
405 nm, MW 492 nm THIE L7z, #mEITMaEE, BKMNERO O oW
BTy oAxFy s MEERMMBL, ¥7 AL 260°C, 3h THE L 7-.

2-1-4) ~ v A J Jiigk i R o> R
~ 7 AL CO, I EHKL, WiEs MY L7-. RPMI 1640 medium F# TA T v L
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A Ao (B 0.12 mm, MESH 80) % MW CH —fz{k L, 1200 rpm x 5 min,
4°C T LBt L7, B o= Migl: ACK-lysing buffer (2 & Y R7E T 2 IR il 2k %
fE L, RPMI 1640 medium T 2 [EI ¥ L7-. BEMEE T O ZFH L, MR
FE % 3% L, Gentamycin sulfate (50 pg/mL) & JEM@i{k FBS % 10% & ¢ RPMI 1640
medium H (2 8 L 7.

2-1-5) MTT (2 X 2 il i 7 1 o Il 78

EPP 72 & TNZ precursor @~ 7 A A R 2 3 2 Ml @Rl > Wik, BEH o
AR 2 FIEOMEICET 2Nz THEITLEZ ). MEEOBRGICIX C57BLI6 <~
UAOMBMEEERL, MR FEICLY vy APEMEEFE L. 4 x 10°
cells/100 puL o Mg L 2 96 well ‘FJE 7 L — F (EAXRX—7 74 FEXEH) (2
FEfE L, EPP 72 & ONZ precursor (0-100 pg/mL) Tl L, 37°C - 5% CO, BEHi F I
THFE L7, 440 B2 BR%E L, 37°C THNIE L 7= RPMI 1640 medium T 1
b Pevs %, MTT IA# (0.5 mg/mL), Gentamycin sulfate (50 pg/mL), FEf{t FBS %
10% & #» RPMI 1640 medium (Z K5 HizcH# L, 37°C - 5% Cozfﬂi‘i‘F T 4 W[ RS AR
L7c. RiEZBrRZEL, DMSO 100 L THifid & & f# <&, 550 nm (23 1F 2 WOk B %
~A /a7l —kFUJ—%— (MTP450; = n FEXHKAEME) Z2HTHIE L .
MR D 2> b — VN R TR EE %2 100% & L C, £ #l e 5 5l =R & e sl 12 R
L.

2-1-6) Sl ol 5% 5%

R O 5 £ W C57BLI6 ~ w7 A JELis i i 2 R L 7=, 4 x 10° cells/500 pL o fi&
oML & 48 well R L— b (EAXX—27 74 PEASHE) ML, EPP 2 5
(O precursor (0-100 pg/mL) Tl L, 37°C - 5% CO, BgH% FIZ TH# L 7=, 48 FF
[ (2 1200 rpm x 5 min, 4°C Tixm /Ly Bk, H& Big 2RI L 7=,

2-1-7) i 55 B

C57BL/6 ~ U A MLl Al fw % §ifk o £ K 0 F % L, magnetic-activated cell
sorting (MACS) 2LV T fifigd 5y Hﬁ%ﬁot. 9 ik 48 i 2 anti-CD3e microbeads
(Miltenyi Biotec #t:) T#HLEE L, MACS LD 7 7 & (Miltenyi Biotec #1:) % I\ T CD3e
B ME Al A BR 5 L7z

2-1-8) 7o —H% A b A N YU —fRHT

C57BL/6 ~ 7 A MLJig Al el 72 & OVl i 0 BE#2 1215 D v 7o Ml 1%, FACS 4 &
Buffer [Z/&# L, Fc Block &L PE12(Z PE £k anti-mouse CD3e (145-2C11) & 2\ i
MIGT DT A Y247 1g6 THRE L. 10%FHEREE AL LT VT B REKR (pH
7.4) TEE®%, FACSCanto flow cytometer (BD Biosciences tt) # H\\T7F — % % [A]
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¥ L, FACSDiva (BD Biosciences ff:) & Flowlo ¥ 7 k7 =7 (Tree Star Inc.) % H
WTT —Z Zfr LTz,

2-1-9) A b A L HITE
etz By o IL-1B, 1L-4, IL-6, IFN-y, GM-CSF 2% X OptEIA kit (BD
Biosciences L) % T sandwich ELISA &2 X 0 | &E L 7=.

2-1-10) "I ¥EME CD4 f5 & FE B

EPP & ~ 7 ACDAD B 1 7o il & MEIXELISAB B IC XV FEM L 7=. 96 well
ELISA 7L — K (Greiner Bio-oneft:) % 0.1 M sodium carbonate buffer (pH 9.5) | "Zﬁ
fi£ L 7Z=EPP72 & ONZ precursor (025 pg/mL) T2 —F 1 > 7 L, 4°CIC T —Wh k&
7= . 0.05% Tween 20% & #»PBS (PBST) T## L, 1% (w/v) BSA%:E.@PBST
(BPBST) IC X W REICCIB 7o v X 7 %49To7. PBSTCF L — ks & ¥kiFi%,
His# ZiEfi s/l 2 vF v b~ U XACD4%f /21X CD8a¥ » /N7 E (Sino
Biological Inc.) (2 pg/mL) Z M Z37°CIC TIH A v F 2 _X— a3 v L. FHE
PBSTCY L — M &1k, ~LA4 % v & — ¥ anti-6-His antibody (R&D Systems
) Z2MzA4 rFaX—a L, +oIlEEEITo. BHHELLZZEPPZR 6 TNZ
precursor~o A ¥ CD4AFE 721X CD8a¥ ' N7 EHE D FEE ML, A ¥ —FHE
g (TMB microwell peroxidase substrate system) (KPL Inc.)Z H W T#EHEI L7=. IND
UV CRICEEIE L%, 450 nmic kT 2 WL E 2 E L 7.

F 2, BN RNEPPA S NI precursor®ELISA 7 L — b~ [E @ L% D
BWICEEINLTVWRWI L 2R T 272D, AIEMCDAY v NV Ea 7L — T
[ JE e L, anti-mouse CD4 mAb L ARl IK 2 fF S H 5 2 & T, BAMELISARR
B A 3N L7-. ELISAZ L — K %#0.1 M sodium carbonate buffer (pH 9.5) (2 fi# L
7oHis# ZHEFk Y a v B> b~ ACD4% 7= 1XCD8a¥ > /X7 & (5 pg/mL) T [
JE{t L7-. PBSTTOWH#%, BPBSTC7 u v/ L, HEEREBLEZ. 7L —F
IZBPBSTIC % i L 72EPP72 & OMZ precursor (0-250 pg/mL) % A1 23047 fi] A > &% = X
— 3 L, Bi%IZBPBSTIZfE L 7= anti-mouse CD4 mAb (GKL1.5) F 7= 1%
anti-mouse CD8a mAb (53-6.7) (0.5 pg/mL) Z 1 x CTERIZ TLURR/ A o F 2 X—
2> L7z, PBSTTHEH%, <4 F v ¥ —EiEi#kanti-Rat 1gG (H+L) goat pAb (F1%
M T MBS 224 Fa2X—varl, +HCEEEsiTo=. £ mAb
O [ JE{LCD4FE 721X CD8a~DfE AL X VA F v ¥ —EBH'E (TMB microwell
peroxidase substrate system) & W CHEIEI L7z, INO U U CRIGZE R L7Z#%,
450 nmiZ BT 2 EE~ A7 a7 L — KU —4— (MTP450; = r FEXHKEAS
) #HWCTHEL -,

2-1-10) #HfafEE - CD4 #5& FEhr
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C57BL/6 ~ & A &AM AL (4 x 10° cells/mL) % @ik oo Hikic L v & L,
Gentamycin sulfate (50 pg/mL) & FEM@{k FBS % 10% % #» RPMI 1640 medium H (2 4
# L 7=. EPP 72 & ONZ precursor (100 pg/mL) %A1 % 37°C 12T 1 FFffl A > % = X —
v a v L%, FACS Y:f4 Buffer TUtifr#%, Fc Block & & 7» FACS %t Buffer |Z
Mw L, KET 20 ol AvFax—va L. MiREADOYD, PE K
anti-mouse CD3e (145-2C11), FITC #£#% anti-mouse CD8a (53-6.7), APC A% &%
anti-mouse CD4 (RM4-5) 72 1Zx)I5T 274 Y %47 196G =4, #EHLKLET
SHIZ30MA vrFax—va Lz, MRBIEETFEZIC 10%FEREEARLLT L
7 b RIEWK (pH 7.4) TEE %, FACSCanto flow cytometer (BD Biosciences ) #
WTT —# %ZaI¥ L, FACSDiva (BD Biosciences f:) & FlowJo ¥ 7 b 7 =7 (Tree
Star Inc.) ZH W CTTF — X Z 4T L7-.

2-2) 5 T ORI

2-2-1) ~ 7 A NG e AE VR A, R A AR, A R R A, R A oD B K

C57BL/I6 v A F 721 SCID~ 7 RA%Z CO, I L VEHKL, EELZS5mLOARER
WK T2 m¥EE L, Wi | L7, 1200 rpm x 5 min, 4°C Tz Loy BfE L 72 1%,
B K A BEARBE N TR L 72 MR R B A G L, Gentamycin sulfate (50 pg/mL) &
FEM@{k FBS % 10%% ¢» RPMI 1640 medium H I8 L, MR EEMBEE L.

RN 72 D NS IR & L, RPMI 1640 medium H CAT > L A X v ¥ a & 0
CTH.—#fla{k L, 1200 rpm x 5 min, 4°C Tiz 040 B L 7. 45 & 1u 72 #i i 13 ACK-lysing
buffer 12 & W IRTET 2 AR ML ER &2 ¥R L, RPMI 1640 medium T 2 [ ¥E¥ L7-. BEK
B R CHIEER AR L, AMIIEIRE &% L, Gentamycin sulfate (50 pg/mL) & FE{#
{t FBS % 10%7 €0 RPMI 1640 medium " Z & L, £ 40220 NG Ia, Mo i e
L.

KERE &I 2 MR, BTN ZHmAL, FHANOMIEZ RPMI 1640
medium T LKL, Xy T 4 7L 0 BH—H#ilafb L7=. 1200 rpm x 5 min, 4°C
Ty B L 72 1%, ACK-lysing buffer (2 X WIRFET 5 RILER 2 7AfE L, RPMI 1640
medium T 2 [EIPEH L7z, BAMME F CMREAFTH L, MRRELZRHEL,
Gentamycin sulfate (50 pg/mL) & FEM@{k FBS % 10%7 #» RPMI 1640 medium H (2 %
WL, BREME S L.

2-2-2) ~ 7 A NG e AT N A, IR R A A, R R A, A R A oD B 48
AR O K KX 0 FHEE L7 C57BL/I6 ~ 7 A F7-1X SCID ~ 7 A H 3¢ Jlot fk 4l i 1%
48 well £721% 96 well ‘LKL —F (EFAX—7 74 S ICHREL,
C57BL/6 ~ 7 A [ & i i i fed, e o 76 ME M B 72 & OV B B8 M A 1 96 well g
L— MZE W%, EPP(0-100 pg/mL) F 721X Pam3CSK4 (0-0.5 pg/mL) THil#E L,
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37°C - 5% CO, B fff FIC T8 L7=. 48 KR4 (2 1200 rpm x 5 min, 4°C Tz .4y
HEZ, B3 B A BEINL 2.

2-2-3) ¥~ 7 A BMDC O FR# 72 & ONZ i fa 5% 5%

BMDC i%, @2 2 & CHE L. fidko Hikic kv % L7 C57BLI6 ~ ¥
2B BEMI B (2 GM-CSF (10 ng/mL) & IL-4 (10 ng/mL) %%, 96 well FEE 7 L —
FIZ 250 uL Fo#FE L (5 x 10° cells/well), 37°C - 5% CO, Bg 8 F I TH:3 L /-
SHHIZEXRy T 4 72X VI EMBFMEMIEZ Y BRE, GM-CSF & IL-4 & & o8
TR RS, SO EAEK T/, 5 HEIZ EPP (100 pg/mL) £ 721X
Pam3CSK4 (0.02 ug/mL) THI# L, 7 H HiZH#E EE 2RI L 7-.

2-2-4) i 5y B

C57BL/6 ~ 7 A Ml i & ik o ikl LV FEE L, MACSIC XY CD4 GtE T
I 72 & QN CD8 B T MR o 43 B 2 17 > 7= . JLlEHE A2 13 CD4™ T Cell Isolation Kit
Il £ 721% CD8" T Cell Isolation Kit Il (Miltenyi Biotec #f) T&F L, MACS LS 7 7
2 (Miltenyi Biotec f1:) % H T CD4 [ T Mifid 72 & ONC CD8 BtE T Al a2 f5 Y
L.

C57BL/6 ~ 7 A g i 2 mii sk > HikIZ L 0 % L, MACS IZ LV CD11b 5
Ml 72 & NS CD1lc BBYEAING o 73 BE 21T - 7= . MM 1% anti-CD11b % 7213
anti-CD11c microbeads (Miltenyi Biotec ) T/ML¥ L, MACS LD 7 7 & (Miltenyi
Biotec #) # JH VT CD11b B #H A 72 & OV CD1lc Bt fa 2 5 L 7-.

C57BL/6 ~ o A Al w2 ik o FiEIC X 0 #% L, mouse T cell enrichment
columns (R&D Systems ft) Z H W T T #ifE 2 M L 7-.

2-2-5) 7 —H% A b AU —fFEHF

C57BL/6 ~ 7 A MLJig A0 el 72 & OVl il 0 B2 1215 v 7o Ml 1%, FACS 4
Buffer [Z/&# L, Fc Block AL PR 1% |2 & M OLEERIUIE D 2 W T e T 57 1 Y & A
719G TYE Lz, Fo, v U AEEEAEMEME S RRICRE L. 10% % Mk
R LT VT B REWK (pH 7.4) TIEE %, FACSCanto flow cytometer (BD
Biosciences ) # W T — & Z [A[UL L, FACSDiva (BD Biosciences 1) & FlowJo
Y7 kv =7 (Tree StarInc.) #H W\ TT — & &4 L 7-.

T M o 8E A%, AR Sy BE AT O & M 11X APC 5% anti-mouse CD4 (RM4-5) &
721X FITC ¥ anti-mouse CD8a (53-6.7) T¥«fa L, FACS fig#r L 7=.

CD11b F5 MM A 72 & N CD1lc B PEMNE O BRE4%, MR 5 B 8T % o 45 # i 1
FITC #%# anti-mouse CD11b (M1/70.15) % 7=/ FITC 5% anti-mouse CD11c (HL3)
TYefhs L, FACS fif#T L7-.

T MR o M %, A R Sy BE AT 2 OO 25 Ml i 2R & ONT IE I TR R A IR 1T APC O BE AR
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anti-mouse CD3e mAb (17A2) TY«ta L, FACS fi##r L 7-.

2-2-6) YA bW A VPE

AR EE 2 BIE  o GM-CSF & 1L OptEIA kit (BD Biosciences #L) % AT
sandwich ELISA JEIZ X v #IlE L 7-.

IL-12p70 72 & ONC TNF-o 32 FE 1Z ELISA MAX set (BioLegend #) % Fi W\ CHllE L
7.

IFN-y 2 £ I3 OptEIA kit 72 5 OMZ ELISA MAX set &2 W CHIIE L 7=.

2-3) = EDEBRITIE

2-3-1) SR v~ b T T T 4 —

CAFE 2IIpCAZIRF T & b U IERIZEM L (5 mg/mL), 200 uLzJRH#F7 & b~
R C 74k L 72 Toyopearl HW-60F column (3 Y —#k & 4k) (1 x 45¢cm) (&7 7 7
Ath, RBREZBEHKE L CA—F v BT Lu~ T T77 0 —%1To7. KH

4y (500 pL/tube) Z [EIX L, Folin-Ciocalteuit 359 % W\ T 7 = / — /L K g 4L
ERH L. BRI, SREOEHME S & Folin-Ciocalteuid 38 2 =il T30 MRS L
72t%, F8ED10% (W/V) REEKFFT NV U LAEMAZT. 600RER TA »F =2 X—
varvililk#, vA 7L —RMIBL, 700 mcBTOINEE~ A /T L
— K U — % — (Safire; TECANtL) ZHWCTHIE L 7=.

2-3-2) 75 B e R

FEICK T 5 CABEI O pCADERFIEMEILX, VA7 v 27 AT ® v b (RKX&
BARBMITE) Z2ZH 0 Cumu BRI XY HE L. CAF IO pCA L 15 ng/mL 7
5 1mg/mL O¥EE £ TIEAKICEMSE, 2mg/mL 28 2 % E Tl 10% DMSO (2
iR - @ sw., F-R"v 7779 FHoay be—t LT 10% DMSO %
FHLE. 20 0BRBA 10 uL & YL F % 7 H NM2009 £ 100 pL % S9 Mix &
fFAE « FEFETICTIRAG Lz, 37°CICRELLEREEBE4ICT 2HHA U F a2
— %, 100 uL @ X-gal Z /%2, DNA OHEEGIZIEE L CHFE Iz umu Ei5 T O
LAL & B-galactosidase JEMEE LTBIE L. 6%, 100 pL O KOG K 2 N
Z, 630 nmicB I 2WNEE~Y A7 v L— I —X— (MTP450; =2 u FEXK
K&tk) Z2H W CTHIE L=, p-galactosidase iEPEN N 7 7 F 0 KD 2 %% 2
HZEAE B E L L CHE L. £/ EPP 72 & ONZ precursor F & 23 WO FE 2 K
TR, 77T AMEITWMELE.

2-3-3) i I Al e Ak o
YAC-1 il fE kK 1% Gentamycin sulfate (50 pg/mL) & JEf#{k FBS % 10% % &» RPMI
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1640 medium % W THERES R L 7=

CD80 1% % 3 P815 Mtk (B7-P815) i, BE# ® W ERK L 7=. CD80 ™ cDNA
X~ 8 77— VKK TH D RAW264 5 R L7~ mRNA X Y PCRIZTZ 1
—=y 7 L7. CD80 #&fs 7 7 7 #*> bix pcDNA3.1/Hygro (+) 77 A K7
% — (Invitrogen ) (2 A L, 15 ug DEHR 77 2 2 F % P815 #lflafk (1 x 10°
cells) 1 Gene Pulser Il (Bio-Rad #£) # W T 250 V D& L7 bR L —v
2> L7, mock-P815 fllfiEiz 2> he— A7 T A R X —&REMHICTEAL,
v b — LAk E LTER L. Bin 8 A% O P815 Mifix Gentamycin
sulfate (50 ug/mL), Hygromycin B (50 pg/mL) 7 & OV 5-azacytidine (10 uM) & JE
#1t FBS % 10%%& ¢ RPMI 1640 medium % A W THEM B2 L 7-.

2-3-4) 7o —H% A ALY —fFHT

s 7 A% O P815 MU e & ONC C3H/HeN ~ w7 A il i iX, FACS Yt
Buffer IZ#% ¥ L, Fc Block PR 2 A OGRS IUIL D 2 WITRISET 274 Y Z A
719G TH L. o, ~ v X EEE MM b RARIC Y A%, 10% J1 M KE 4
VAT VT e RIEE (pH 7.4) THEE L7=. NK MIREMEORE ORI, YAtk
ZEE®T 77— A hA—F—IZ7 771 L7. FACSCanto flow cytometer (BD
Biosciences ft) # MWW T7 — 4 Z [FIL L, FACSDiva (BD Biosciences 1) & FlowJo
Y7 h =7 (TreeStarlInc.) ZH W TTF — & Z M L7=.

mock-P815 #fi fid, B7-P815 #fi fid IX PE #Z 5% anti-mouse CD80 (RMMP-1) TH& L,
FACS fi##1 L 7=.

TMEFEOREGZHERT 720, ~ v AMIEMIZIE APC £Ei# anti-mouse CD3e
(17A2), FITC #%# anti-mouse CD4 (RM4-5), PE %% anti-mouse CD8a (53-6.7) T4t
L, FACS f##r L 7-.

NK a2k o Z{b 2 R T 5728, ~ 7 AJEHM LT PE 5% anti-mouse NKp46
(29A1.4) TYufs L, FACS f#r L7-.

2-3-5 JEEBAE ~ 7 A &\ 72 B 05 A e g 1 B B

JEGHFE 9O HAT L W, DBA2 v 7 R IZHHEMAK DO A TEH 500 pg/mL @ CA 72
O pCAZ R HFEE L. kB & 2 #ilF 7= B7T-P815 i Jid iX PBS T 2 [ ¥+ L,
F IR BRI 50 uL (5 x 10° cells) &~ w7 A 47 IR TS L7z (Day 0). CA 7z
BT pCA T EBRKKHETRABG 27, Day 712, JEEIMEH OB = >~
kw— & LT Cyclophosphamide (M #f 25 8 KRN 4x #1) (100 mg/kg) ZMEMEWNIZ
PG L7z, SR 220 HB ECTHEEY A X2 ) X2 CTHEL, EEEBE (mm?)
FREM UL, £/ Day2l it~ U A% CO oL v BEL, MEE Rk, EEZ2H
E L.
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2-3-5) MTT {E1Z K % B B2 /9 72 B 55 4 Ao 194 5 00 il 5K Bk

EPP 72 &5 TNZ precursor @ B7-P815 JIE i il M i (< &F 9~ 2 M fw F 1k 0k, BE#H °7 %
BEHRN U=, RABRBIMh 2 B AT, MRS &) 7= B7-P815 #ifiiX RPMI 1640
medium T 2 E ¥ L, Gentamycin sulfate (50 ug/mL) & JEf#{L FBS % 10% & ¢ RPMI
1640 medium HFICR W L, 5l & EMERFEELZ T .

1 x 10* cells/100 uL» B7-P8154H fE 2 96 well LE 7 L — F ((EXX—7 7 4 MK
X&) ICHERE L, CAZ S NIpCA (0-100 pg/mL) THIPL L, 37°C - 5% CO. R 5
TIZTH AR L7, 24REff2IC EiEZFRZE L, 37°C TR L 72RPMI 1640 medium T2
bl e £, MTTIEWR (0.5 mg/mL), Gentamycin sulfate (50 pg/mL), FEME{LFBS% 10%
& T RPMI 1640 mediumiZ K5 #isZ# L, 37°C - 5% CO.ER5: T2 CLlHf[E 2% L 7.
i ZFRZ%E L, DMSO 100 pLCHEAE Z ¥ ff S, 550 nmICB I 2 W LEE ~ A 7
77l — KU —4%— (MTP450; =B ) 2 HOWTHEIE L. MK
Dy v — VAR T 2 100% & L C, 45 M B BE A R A& el o oR L7

2-3-6) ~ U A Mg A oD FE

C3H/HeN ~ 7 Z I HHK/AKDENX T 10 B H 5\ iZ 14 HIE, 500 pg/mL @ CA
BT PCA ZROFELG L.~ 7 A X CO Ik BE&HL, MigAZH i L. RPMI
1640 medium H TA T LV A A v ¥ az W TH—Mia{k L, 1200 rpm x 5 min, 4°C
TmLOOEE L. A5 ACK-lysing buffer (2 XV IRET 5 7R M Bk % V& fig
L, RPMI 1640 medium T 2 [ ¥ L 7=. NK HIIRTE M2 | E 3 5 B, ACK-lysing
buffer ® {4 0 I AC buffer Z il L7-. BAMEE T TR Z3HEI L, MREE+
FH %% L, Gentamycin sulfate (50 ng/mL) & JEf#i{k FBS % 10% % ¢ RPMI 1640 medium
HICRRE Lo

2-3-7) ~VABIEHIBORER E VA NI A4 VJTE

500 pg/mL @ CA 72 & TNZ pCA % 10 H ¢ A #& 5- L 72 C3H/HeN ~ & A it g 4 i
(4 x 10° cells/mL) % @ik o HFikiC X v #i%& L, Gentamycin sulfate (50 ug/mL) & 3
f# 1t FBS % 10% 7 7» RPMI 1640 medium HZ 8% L 7= . g IR 2 96 well SEJE 7
L—hF (EXRX—7 T4 MR SH) ICHF L (250 uL/well), BRI K (= k
a2 — /), & %\ iE PMA (20 ng/mL) & ionomycin (1 uM) THI# L, 37°C - 5% CO,
BRBE FICCREZE L7, 48 B[ #1012 1200 rpm x 5 min, 4°C Ty BE#, H#E BiE
ZEIY L7=. MlassE BT O IL-6 21X OptEIA kit (BD Biosciences f1:) % f\»
T sandwich ELISA ¥5(2 X W Il L 72 . IFN-y 72 5 ONZ TNF-a 2 % (% ELISA MAX set
(BioLegend #1:) Z W THIE L 7. IL-17A ¥ X ELISA Ready-SET-Go! reagent set
(eBioscience tf) & W THIE L 7=.

2-3-8) JRpE NK Hi e iE Mt o &
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Ta—H%A AR —Z AV NK HIEEOREEIXBE®R D 22B 11T 7.
YAC-1 i i i PKH-26 (Sigma ) THefa L, NKMafrRm 2 —7 v Flija s L T
72,500 pg/mL @ CA 72 & TNZ pCA % 14 H# 0 #& 5 L 7z C3H/HeN v 7 X Jji
g A i 2 Al o A L0 ¥ L, Gentamycin sulfate (50 pg/mL) & FE{# 1t FBS %
10% & ¥ RPMI 1640 medium T ICUE#E L 7=, A (2 or 4 x 10° cells/mL) &
PKH-26 #Z5# YAC-1 4} (4 x 10* cells/mL) % 24 well ‘FIEF L — b (EXRX—72 7
A MRERSH) ICHEFE L, 37°C - 5% CO, BREE FIC T 8% L. 24 FERTZ,
TO-PRO-3 (TP3) (Molecular Probes )% il 2 T=EiE T 1 KFf i@ L, MR Z Y@
L7z, Z7a—H% A A MU —ICXDEMBZ O CIZRMEOMTIX, kil ik
TR VAT o7z, ARG E ML PKH-26 BEtEMAQ R oM OE & & LT TR L
(% —7 > MM/ 2 —5 v REMIE + ¥ —757 > NAER) x 100]. YAC-1 @ 3t
fa ik, PKH-26 £k YAC-1 il O A 2 5538 L 72 BRICH b L 2 F A9 /M lwse (N v
277 K) OL_ULTHIELE.

2-3-9) Btk 1 Ml E

CA 72 5 NZ pCA OHIELIE X, —MM7e Tk TH D DPPH Ik @ 2B NC
ABTS 15 ™ |2 S X 34 L 7-.

DPPH it : 50%® ethanol I[ZIEfE L = &AL X G be—1ThH D
trolox 20 pL (0—500 pg/mL) {25t L T 200 pL @ DPPH 150 umol/L (50% ethanol ¥ i)
200 pL Z N %, MO L TR T 30 0 MUk S 2%, 517 nm i BT 2 W E % ~ A
7 a7 v — hVU—#%— (Safire; TECAN tL) ZH W THIE L 7=.

ABTS 75 : ABTS /KA (7 mmol/L) 5mL (2%t L, 140 mmol/L ®@ e U 7 A
Wi 4 88 uL RN L, #EE L T 16 RS S ABTS 7 U WV F 4 Wik = AF
L 7. ABTS )ik & 50% @ ethanol T20f5ICA R L 728 DA ABTSIER & L 7=.
KRB K 3 X UV trolox 60 uL (0-250 ug/mL) (2% L C 140 uL & ABTS IR % I %,
EH L CHRETI0 0 ESE%, 517TmmICB A2 ELE~ A 7L —1
— 4 — (Safire; TECAN tL) %= H I/\“C(E'J/E Lf:.

EPP 72 & TNZ precursor [ & 23 WG (2 K WY, 7T T A NEITWMIE
L.

2-3-10) v U AP B L RJRHF D CA 72 & NIZ pCA D ki

R xZ2MOBE, W SEEDBARY Y AICHBMKADOEA T2HM, 500
ng/mLOCAZL b ZpCAE RO L Lotk, EREZBINR L. +oICHBEIER
FITTVIEL, PBSICHEMW L (0.59g/mL), @EWALEZICE L T, =O0HERIC
B AEEI U2, fRoBbK & EMBIE T ORA Y 7 = 7 — LB XFolin-Ciocalteui®: "™
FRHWCTHEL, BB THMERFEICCRLE. BENIE, ERABREKEEED
Folin-Ciocalteust 3 % =i T30 IR G L721%, HED10% (w/v) REEKFET Y T
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LEMZT-. 600 H=EETA v FaX—var Lk, v~/ 707 L —hMIBL
700 nmMIZB T AW EE~ A /a7 L— kU —X&— (Safire; TECAN#L) %Fﬁb\“(
HE L. £7EPPZe b NiTprecursor H H RN I RIETTEE L, 77077 R
FEATWARIIE L 72,

PRHICHE S U7 BB R CA OB X liquid chromatography-mass spectrometry
(LC/MS) ZH\WT, BE#H ™ 22BIcEIT L. RREILECSECTCHRL,
HPLC v A2 7 A (Waters Alliance 2695 separations module; Waters f1:) & 28°C |Z H#E£F
L 7= Inertsil ODS-3 column (150 mm x 1.5 mm id, 5 um) (¥ — = /v % 1 = > AKX S
) ZHWTH#AT L7z, 10 uL O R K72 & ONZ CA 45, (0.5 pg/mL) &4 — b
V77X vy varl, W#E 0.1 mL/min (2T 0.1%0 HEE{FE T
acetonitrile 10-40%» 7' 7 Y= > h&efE (60 43 [E]) TIEH L. 7 A H K IE ESI
EErHWTA AL, R’ ATT 474 F LT — NIZEE L 7= Micromass LCT
time-of-flight mass spectrometer (Micromass L) # HHWTCTHEHI L 7=, ¥/ Fa2—=V
7 1Z1% Leucine-Enkephalin #E¥#E 2 7=, 7 — # X MassLynx software program
version 4.0 (Micromass ) Z H W T m/z50 7% 1000 £ T% A% ¥ > L,m/z 179.035
(CA=m/z:179.0345) [ZHELCHX—F v hA A v T =H— LT,

2-4) B ffm 52

KM OBPYER 7w b a— LVITHRERRFHYWEREZBESORR 22T
(P11-49, P12-42, P13-45, P13-46), T X CO @MW ERRIT [ H LB K=Y Tk
M) ICHIviThbn. 72, & X To®EW L Specific pathogen free (SPF) ERHE T
THIH L, 4-10 #Hfm TEBRICHER L 2.

2-5) A HAEBE
ARIFFIZE T D26 B EREIX, 73T Student’s t-test (2L > TITV, p<0.05D
box THEEEDHY ) LHELE.
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E—E BEHEARY 7=/ —/ (enzymatically polymerized polyphenols : EPP)
DREREHDNRL THR~DOF

U7 = HEIT R R BB R MRS T, —MICBEL WS EMICLER
ENTHEL Y, ZBxOEFBCBOTHEFNICRFL L TARNICERVAEATWS
INETOMRETI V= IC k23U ANV ZAERBRE SN TEY ), vz
BT R T AEEE Y FL LT V= ElBi#isnh iz, Ak V= EIck
LHHIV 2RI, HIV EERE—57y Miiln e ofEa a0 %L, HIV Y
77 —EOMREDNRED 2 BEOFEHBETFICL S THRY Lo TWD I &ERHE
ERNTWD 7 HIVIZEICCDA ZEEHRL TV DAL =T HIICE YT 5 2
ENRFLENTEY T, V7=V THRZIZIUD ET D 0REMYMRIICKHL
“Cﬁ%ﬁ)OD:F?’H/Eﬂ%ﬁ%%) ZEMNTREND. £72, Kurakata H i k> TV V=

Ik D~T AU UoRERICx 95 DNA & e ERRE SN TWDR, £OH
f%/am—%WHW&?%%ﬁw%mwfTﬂ@#%@%?é_&f,Uﬁ:
VIO AMEDO DNA AR EREN LT 25 v ERBERER RS TS %,
INLOWEE, VZ=VEN T MRICMO2OEEL L X T 5 Al itk i<
REBLTWS., LoLans, BEICELZETI 7= EHORER~DOERIZD
WTIRIEEAEMA SR TOWARY., FEVERERLZICHLPbLS T 2
DIFL AV ERHMPERY) 7=V HICED b0 TIERL, V= EBEEAKRB LY
KRRV 7= ZHOWTEMIETHY, WINbIEERLEHET 22 LIIRETH
%

% Z CARETIL, precursor & LT CA, FA, 5L CoA ZH T, g bW
XN, SLHICET RNV U EREIEEAEEGEEFRVHEOE WY =
Bk EPP Z/ERL L, {EMEFHGICH WA, V= En 4R Y 7=/ —/L® BRM &
LCOWRELMIAT 27201, EPP BN HEH S licd L CED XD a2 T
D, VDT THBEIZCERL, v~ 7 ZAMEEEMEZ H W T invitro I8 1T 5F % O
RBR ATV, EPP OEREM DT L L TOREHELER L.
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B8 ~ v RAAMERICKT D EPP @ 52

i

RMICEHE TN DHREMED 713, BEBEICHEET D82 720 MY i & B2 ik
T5. RERBEERZRE KL RBEERNT, ROBRUICLZ2ERO T2 L
IR FE~OREZWAHF L TEBIICAH I TWS. filx X, REREER%Z
Fomno+2¥E CTH 5 1,3-/1,6-p-glucan X, B AOEHEIC LV £H5 MO NK MEE
Mz ERsSE20R 2RI eTcmonTEBy Y, 25 o B-glucan 1% in vitro (2
BWTHAEEH YR AZEELL, rx2Y A NI A VEAZFHEST L LT,
NK 35 AL 2 & 0 72 50 % B iE 20 B 2 s 4 Y,

—J7, MMM invitro fFZEIc L > T, Z< O F+RY 7=/ —VHH, L0 b
I} EGCG, 72 & ONZ curcumin (21X, MAPKs 3 X O NF-xB (2 %9 % 58 /3 72 3% AL 40
FEAR S D2 ERMESN, ZL<OMRENZTOEZ HE2XFLTNDE 280
INOOREIE, BOBRICI2RBEICICHENTEY, RELLTICY T
JAMZEDZZINDOBEREMES T OBV IARIZ K - T, RIEMERB O 2R
BN Sh D 8.

R EM 2R >% < OBREMNS FIZHB W T, invitro IZE TH LN TR L,
iNnViVO BT E TH LN L RICHENZ RS 7r—28RO 60 5. £ 2 TAHEITI,
U7 =8k EPP BN+ 0 EHBIEM R OMELES T L RVBFLNE S, #
FERHAf F5 & OVIE A i BR o~ o # I wE O A7 & B ES L 72, in vitro I X o T
FEHINDTA M IA CEABREZREL L T~ v X PlEh kA eRIC x4 2 o
TS M 2 B AR L7z

1. EPP @ JI9 ik 4 e (2 6k 9- 5 2 M B A

EPP /X, precursor & L T CA, FA, 5\ CoA Z#H T, H,0, DHFTE F, HRP
LD T U F LTy T TEAICK - THER L. KSR 2 BB % (2 5%
DT 22 L CRAEENE AR L, X 58y b4 7 EA 51 & 50,000 Da
DFAELE —RAGBHBEZ HWT DIW IZxt L T&ENT L7z, 2 HE O+ 55 72 @b 4L
FICKY, BB L OE S FE ORI ZITV, BAEmE%, KiEH EPP Xu &
— % #37= (Figure 2). EPP B X % @ precursor @ FH g LA HHIZ OV T
Figure 3 (C R L7z %28, &7z, MiBEEBIER, MR THEOMER, = Fhfo v
EHEIZOWT, Table 1Z/8 L7z, 431 & 50,000 Da % # 2 % EPP O . f§ M & U
TB L Z 35000 40%HIE CThHo7-. T EPPHOEZGENESAZICBWVLTK
XREAENPAOGNT, MO TEMERLTWDEZENE, T8, X0
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DEREAPDIFEALERNW EREERINT. S5, VALVA CRHFINENZFRA
LCTHELEZ Y FMXFY U8, SHEHEOEPPITENALNTZ O D, WT
NO EPPIZEVWTHEMO THME T2, 77 2BEMFHMEEZHEKRKT I R
vk, LIRULIERAY P ICREL, Sl 2 A vz A9 000 MM o
P, PURIERAIIICHRH TS TLRAMD2 Z /0 L CHIIE 2 i& Mk &8, #Ex e
A NI A VEAEFETSD B EPP O PR UEREMERD TIERIETH -
e, ERLU 72 3FE O EPP 28 invitro I8 2 i MERICELZY 7
=V ARV —ThdrI LIAMEINT.

CA/FA/CoA L inPBS
+ NaOH | drop 0.1% H,0, for 1 h at RT

+ HRP

l stirred for 2 h at RT
100 °C for 20 min
1 centrifuged and collected supernatant
1 dialyzed (MWCO: 50,000) against DIW at 4 °C, 2 days

freeze d
V— enzymatically polymerized polyphenols
(pCA / pFA / pCoA)

Horseradish Peroxidase

CA FA CoA - pCA pFA pCoA

Hydrogen peroxide

Figure 2. Preparation of enzymatically polymerized polyphenols.
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Precursors OH OCH;,

OH OH OH
HO HO HO\N/\\/I::]/
~ AN ~
0] 0] 0]

Caffeic acid (CA) trans-Ferulic acid (FA)  p-Coumaric acid (CoA)
MW 180.16 MW 194.19 MW 164.16

+ HRP
+ H,0,

HOOC

Proposed main structures of EPP (pCA)

Figure 3. The structure of precursors and the proposed major structure of EPPs.
R can be either H or OH.

Table 1. Yield, elemental analysis, and endotoxin content of samples.

Elemental analysis (%) Endotoxin
Yield (%) @ Carbon | Hydrogen : Nitrogen (pg/mgq)

CA - 59.91 4.59 0.01 -

FA - 61.80 5.20 0.01 -

CoA - 65.91 4.91 0.01 -

pCA 40.0 46.45 4.15 0.02 231.5
pFA 35.2 53.75 5.01 0.00 93.7
pCoA 40.0 57.62 4.67 0.00 N.D.

- : not done

N.D. ; not detected
Yields based on precursor weights
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fe T, EPP O IE® A L BRI+ 2 M la w2 > T, C57BLI6 ~ ¥ A H 3k I ik
ez A, MTTEZ AW CEEli L 7=, Precursor TH 5 3HEEDO 7 = =) 7 m X
J A RHEIX, EPP L otdit R & L CRlBRICHE A Le. MTT 51X, Ml e 5 g il 4
O MTTRHIENEMHBPANDOI b RUTICLsTERILS N, MEANTHL
CEOEMEZELDZ EEFALEAMBREETHD ). AFEIIRBTEED
HOHME EFHBEEERT ZEND, AR T 5 FMAR D O HEFETE MR
R EN S, WINL 7= EPP 72 & TNC precursor &5 o MTT 38K & o B #
B 72 RO Z2 e T D 72, MUEAI I IX EPP 38 X OV % @ precursor & (2 48 W[ 5% 5%
L7c#, ELRICEFELRE, Mz 200 E LRI MTT RELZIRNL 2.

ERL L 7= 3 fB D EPP B X O'Z @ precursor [T~ 7 A Mg LT, 100
ng/mL OPEE F CHE2MEENEZ R S0~ 72 (Figured). F 7=, EPP IRMEET
EARAL P ARICHRTLIWNNCEO EARNRBO LN &b, A IEE
MLTWD Z ENRB I, —J5, precursor ¥RINEE T x4 a2 o Kig 72 221k
TEE SN o Tz,

INLO/RIY, 7= ArTa X4 RESEAL, @O+ iz
STIEFLD T, REHYHROEBEHFENRZAE LD @I BRI, T
T O EPP 72 5 ONZ precursor (IZB W TIERH HMERICH T 2B ERFEERE D DI
ol G, 3O EPP B X OVF @ precursor (X in vitro (238 1 5 5% 7R i
BEEEDMEANTIZHE L T\ D Z &R Iz,
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Figure 4. Effect of various polyphenols on cell viability in murine splenocytes.

C57BL/6 splenocytes were stimulated with various polyphenols (0-100 ug/mL). After
48 h, relative living cell numbers were assessed by the MTT method. The vertical axis
represents the percentage living cell numbers of the splenocytes, and was obtained on the
basis of the ratio to the control cells. The values represent the mean * standard

deviation, n = 3.
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2. EPP O MM IIZ BT 2 A M B A v EAFEER

EPP O $f & S A 1E 12 D W\ T, C57BLI6 ~ 7 A H SR Mg A i 7> & #7538 & L % 1«
DV A NI AVEAREZRIES LTI L7. £/, precursor ThHH 7 = =17
noN ) A RE%Z, WS E L THWE. &AM ER X EPP 3 X V% @ precursor
EHRIC A8 RS R L%, BEOOBERIC EEARIN L. FEMEE & LT, RIE
M A hhA L THDIL-1B 72 5 T IL-6, ~/L =T #0553 5 IL-4
BELOIFN-y, & o ichiEnEoiEEic 534 2% GM-CSF ##iR L, %
VELISAEIZ TER LT-.

Precursor Td 5 CA, FA, CoA [ZMEM b D% A A VEAZFEL 2
Moloy, KxPNEERES LI EPP LR EMKLAFAIZ IL-1B, IL-6, IFN-y 72 5
N GM-CSF EAE 2 L 7= (Figure 5). 2 oD [f) 13k J¥ i 400 e 5 542 3 1 ) o0 33 &
CHEULTRBY, REMYHERENOOY A NIA VEAFEFERADPEEIND -
DL, 7= )4 FEOGESFEREETHLIEEZOND. E£12,
IFN-y, GM-CSF O LT ®EEICHFE I N, IL-1p B LV IL-6 D PEEITIK) -
7.

IL-1B, IL-6 72 EDORIEMEY A b HA U BIEETH o722 &b, EPP RNadkE%R
JEZBIEE TV A7 ZEEELS>D, NK 25O Tl 2 i LS5 fl 6
PERRIBE N2, £72 IL-4 ([ZH_XT IFN-y OFEABNBOD TENro72 2 &b,
EPP /X T Ml Thl ~D b ZBRMICHFET L EEExoND. FRLELT T
@ EPP IZ, U L-BEROGEMIEEERNRD NI 0D, AEEY 7=
FoLELEEER, EHYMREERDICIEMELED Z ER "IN,
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...... pFA
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Figure 5. Effect of various polyphenols on cytokine production in murine
splenocytes.

C57BL/6 splenocytes were stimulated with various polyphenols (0-100 ug/mL). After
48 h, supernatants were collected and concentrations of cytokines; (A) IL-1pB, (B) IL-4,
(C) IL-6, (D) IFN-y, and (E) GM-CSF were measured by ELISA. The values represent
the mean % standard deviation, n = 3. Significant difference from untreated

splenocytes: ***p < 0.001.
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B EPP OV A M A CEAERICET S T MAORS

ATE OREHZ KV, 3D EPP 28 Al & Mk /EM 2~ A L, GM-CSF B8 L O
IFN-y OpEAZ B FEETHZENRH LN LR o7, L, MERICITHE~ 72
MY MEAFEL TEY, EPPRERA LIZMIERE, 20 VZZDA T =X AITON
TEAHTH L. RERIEERZFOMENES FIXZ2HAFEEL, YA A 0D
PEAFBEA D= AL bEEATHD. Hl21E, bl Rhxvvid, w7
7=V EOPFRERMIEEZ TLR4 ¥ 7 VR H CIEML S, IL-6 72 5 NZ
TNF-a 2 EDY A b A VEAZRT B /-, = FrF2 3 ELS 25 B M
fJavA4 hyzr L THHmLNTEY, BMEEmICHFET S5 TLRA/MD-2 72 5
I RP105/MD-1 &A% N L C, BRI HEZFES 2 . £/, EE SO
EHAL OGS & L CILAH & 4L 5 phorbol 12-myristate 13-acetate (PMA) (X7 1
FALVXRFT =P CICHEKT I VT A IRERKEZFEELT S 8. Z ORI T cell
receptor (TCR)/CD3 AR T DO v 7 F M EERKICH YT 2200, MBEAD
N AREEE A SELERE R ionomycin e EO NV T LA F ) T T
EOFHATHAZE TCTMB O EEZFEEL, IFN.y R EDY A MU A VEAZRIICH
By 0 T THRE~A Pl THmbEND I T RNY v A
(concanavalin A: ConA) X~ AR OHEMICH KT L2 L7 F o ThO, THMEREO
PEBEMZAREZN L CHBEBEMEZFEL VDI EEZLATVHDS ¥ Wit
MY MEN S ZEORIENET A NI A VEAZFET LN, LTI
ST AIEMAA I =R LT RS TWNES.

U7 =X, Rl L7 R R IRIEA & B L 22 b O R0
Rond, EPPICLDY A A EAFEOEMEFIZAITHL. LrL, &
Y 7= BLXORBMEY 7= HIV IRRS L R RESNTND Z
ENS D, U= VEHICE THRA~OML2OTHERRS L Z ERTFRENT
W5, &5, V7= HEOEE A ME O DNA & RRIEHETEMEZY, T I L 0
WENTVWDEEOHRELH D Z LD %, Bifi T/ L7 EPPIC X 2 MM &
DY A I A VEEFEEMRCEALTSH TMEAEERKZEZ2H > T 5 AN
N 5. FEEE, 3T O EPP L, TN ENHEMABIHIZ L > T v A MIEMI» - %
BEOIFN-y BEOGM-CSFEAZFHE LN, ZNDDH A4 M A v iddkam L ¢,
FICIEMH AL L TR LDEASRD Z ENAbA TG, 890

ZZTCARHEITIX,EPP O~ AMIEMR NS OY A N A VELAFEERICBIT
HTHROBEICESZY T, EHADI=XLE2MTTHZLE LT,
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1.EPP DH A NI A UPEANMEM & THREEOEE

~ U A MR RS AR 2 R S RAE L TV AR, EHRITET, MEMRIC
BIFHEPP OV A N UA VEAFTEEMRE THREEOBBRIZOWTHLMNZIT S
e, v U AMEMENS T MizzkEL, EPPICXVFEEHEIND IFN-y BX O
GM-CSF D £ & # BRI L 7.

C57BL/6 ~ 7 A [l #l iy Z anti-CD3e microbeads THLEE L, MACS % /> T CD3e
Bk AR I &2 BR 25 L 7=, FACS fR@#TI2 X 0, MACS ALHEEFi o g Al i b oo T Hi A #E o
EEMN 25%LL ETH oo icx L, MACS ALER#% o T fliafE O E A 1% 1%L F TH
HZ L HMEFR LT, CD3e BIEMALZRE LR, EPPICLVHEEIND IFN-y
725 NZ GM-CSF o A B IX A BIC/ Lz (Figure 6). fERL L 724 _To EPP
I, ERPLEEmRRD NI D, 7 AMEMRICB T D sk 7=
YHD IFN-y 72 5 VT GM-CSF PEAFE EAE I, MM o T 5 #E 25 o
THELRKREHEZREZTZEPHON RS2, L2L, THEO KT D ERELT-
bbb bd, YA M A OEANRERIZITMEI SN TN Lol b,
EPP I X A MIgMAR 2D OV A b A U FEAFEIER T, TR OMREEIC X
STHHIE SN TWVWD Z ENRBI NI,
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Figure 6. Contribution of T cell population to the EPP-induced cytokine production
from murine splenocytes.

Total splenocytes and CD3e" cell-eliminated splenocytes were stimulated with various
polymerized polyphenols (100 ug/mL). After 48 h, the supernatants were collected, and
the concentrations of (A) IFN-y and (B) GM-CSF were measured by ELISA. The values
represent the mean £ standard deviation, n = 3. Significant difference from untreated
splenocytes: *p < 0.05; **p < 0.01; ***p < 0.001.
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2.EPPOY A M A VEAEMIZEBIT 5 CD4 O L

EPPIZ L B~ AMEM IR 2> & DY A b A 2 FEAEFEEAEHIZ CD3e BG4 i 23
BHICHEBRLTVWDZERHELMNE > 7228, CD3e ld~ /L 3—T#ileE X X CTL
DONTHO THBECLEEICEIL TS Y, U 7= Ik 58 HIV RN
ZHBFHEINTVWDHZ &, HIVOEZER XY —57 » MRS CD4GET MR TH 5
ZEems TN, EPP O~ AMIEMI /NS OF A A CEAFEMERIC, b
AL —T RN EELREEZRZ L TV AEENTRESNL. T2 THEHIT
THfEE EOEERZRIRTHD CD4RL NI CD8IZFEHL, 2D DOZREK
N EPP OV A NHAVEEABERIZEOLIBREELZRIFL TV ERT 572
W, TNENOZEMEIIKT HHRPUEZ H W T#ENT L.

C57BL/6 ~ v A gl i 2 anti-CD4 mAb, F 7= 1% anti-CD8a mAb THL¥ L, EPP
X0 MM 5 E XD IFN-y 72 5 N2 GM-CSF O £ & % ELISA 1L T
WELE., Fhharitae—nE LT, TRETNOFHMPRICKIST DT A XA
7N ZIRM L, FiEOR RO ZZ/ERIZOWTEE L.

anti-CD4 mAb zZ fl\ 7= CD4 ® FfILFRIZ L W, EPPIC X V#FE S D IFN-y 72
5 NZ GM-CSF D PEA BT, #0 I CTld & 5 A B2 L= (Figure 7A). — 77,
anti-CD8a mAb |2 & %5 CD8a ® H fl AL E# TlL, IFN-y 72 5 ONZ GM-CSF @ pEE &1

BEREITA BN o= (Figure 7B). & 512, T -XT? EPP (2 [AAE D& [ 23
BOLNTZZ LG, MY 7= IFN-y 72 5 TNZ GM-CSF 7E 4 7 8 /E H
2, ~AN—THRICEET 5 CD4NEELTWDZ ERHLNER ST,
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Figure 7. Involvement of CD4 in cytokine production induced by EPP from
splenocytes.

Splenocytes were pre-incubated with 1 ug/mL of (A) anti-CD4 mAb or (B) anti-CD8a
mADb, and each control isotype (rat 1gG2b and rat 1gG2a; respectively) for 1 h, and then
exposed to various polymerized polyphenols (0-100 ug/mL). After 48 h of incubation,
the supernatant was collected, and the concentrations of IFN-y and GM-CSF were
determined by ELISA. The values shown represent the mean + standard deviation, n = 3.
Significant difference from isotype control: *p < 0.05; **p < 0.01; ***p < 0.001.
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3. EPP & CD4 45+ O tH A {EH

~ U A MM AL % anti-CD4 mAb TRLHEE 325 Z LIc kY, EPPICEVFEIND
IFN-y 72 & (VT GM-CSF O FEAEITA BEICHD L2, Z O/ KT EPP O % 4 K
A VELEAFTEEROY FAD=ALICBITD 2 >OGEEEZREBL TS, —
J7iE, EPP S CD4 ICEEEH L, CDAD Ty 7T rvziEibasgesZ & TH A
NOAVOFEEARZHEBIETVLAMEERETONS. &5 —FHiX, ~A =T
AR & BURIE R MR O CD4 24 LM+ AERIC L - T, EPPIZ XL B4 A K
A VELAZHIELTWDLAREETH D.

WL OMDRY 7 =/ — VI, Fl 21X EGCCICIFH HIVIEMERH 5 Z &b
nNTEY, TZOEAAI=ALEL LT TMEERED CD4IZ EGCG BFEHT D Z
ETC, HIVEHEOZ > RXua—7 % X7 EThHDH gpl20 & CD4 & OFEA L ET
HZENMESNL . &5, V=V HEHICKDHMHIVHROER A =X A
D—#ELT, HIVO THIA~ORAZET LI ERRESATNDE ™. 22
T, UareJ)r bk CD4 % H\T ELISA BB Z 1T\, EPP & CD4 4y T D EE 11
BRAEAERICOWTHRF L. S HICHFEMELZEBRT 2720, U 27 | CD8a,
F7-, ELETO precursor TH D 3MHBEDO 7 == L7 N ) 4 FEAZ LB GS L L
THW=.

ELISA 7L — MNZEEIL L7z 3 FEE O EPP (X, Wb EE(bIicER L-EE
WCIEKFE L CAlEE Y 2 v b CD4 L oAt a R L7 (Figure 8A). — 7,
precursor Td& 5 CA, FA, CoOAIZ EPP Lt RMIEE CHEHBE/LLEZIC LD LT, U
avEF >k CD4 EDREARMEE RS-, £72, ELISA 7L — MNZEEIEL
7= 3FEFH D EPP 8 X V% @ precursor (X, AIEMEY = Bk CD8a & s A
&7 (Figure 8B), EPP & CD4 L DFENFERITH DL Z LRIz, L
2L, EREORE R EPP 72 & TN precursor @ ELISA 7L — b ~DFEAMEDE W IC
FVAELELOTHDIA[EEREKIN TS Y, ELISA YL — &2 ar v
> F CD4 & %5\ X CD8a Tl E{k L, anti-CD4 mAb, F 7-i% anti-CD8a mAb % A
WTHIAM ELISARRRBR AZ1T o7, IR L= 3FEEHD EPP X, T EhEEL L
72 CD4 53 F1Txt 9 % anti-CD4 mAb D fEH %, W ERAFERIZHH L7z (Figure
8C). F 7=, precursor (X 3L H CD4 4y 1 & anti-CD4 mAb D& Z il L 72 2> -
2. &5, 3 E D EPP B L V% @ precursor 1, [# Jg 1k L 7= CD8a %y + & anti-CD8a
mAb O G IZ B % 5 2 7o 7= (Figure 8D).
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Figure 8. Binding capacity of the EPPs to CD4 molecules.

Each well of the ELISA plate was coated with various polyphenols (0-25 ug/mL) and
blocked. Polyphenols bound to the wells were incubated with His-tagged (A) CD4 or
(B) CD8a protein, washed, and probed with peroxidase-conjugated anti-6-His antibody.
The binding affinity of the CD4 or CD8a molecule for the polyphenols was assessed
using a colorimetric assay with the peroxidase substrate TMB and phosphate. The
absorbance was measured at 450 nm. Reverse ELISA experiment was performed by
coating the ELISA plate with (C) His-tagged CD4 or (D) CD8a protein and blocking.
The plate was incubated with various polyphenols diluted to achieve concentrations of
0-250 pg/mL, washed, and further treated with anti-CD4 or CD8a mAb. The plate was
probed with peroxidase-conjugated anti-Rat 1gG antibody; the binding of anti-CD4 or
CD8a mAb to solid-phase CD4 or CD8a protein was monitored using TMB, and the
absorbance was measured as mentioned above.
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ELISA 7L — F ECOMEEZHE 2 C, EFMEERICEIT 5 CD4 ZHIKIC
X9 % EPP O EIZFHH L7=.C57BLI6 ~ 7 A il Al fu 2 3 FEE o EPP THLEE L,
Veid 1% 12 APC 1 3% anti-CD4 mAb & Mg ffl f & o #5 & %2 FACS I X 0 fig#r L,
fuR il ECTo EPP OEHIZOWTHF L7z, 72, EPP Mg . CD4 & O fEA
DRV Z T T 5720, ixtg & LT PE fZ5# anti-CD3e mAb 72 5 ONZ FITC
HEE anti-CD8a mAb, & o ([ZE A Al precursor = W THEBR %217 > 7=.

EPP (I /it £ o> CD3e, CD8alZxtT 2ZNFM D mAb OFEGEET 52 &
Xy > 7248, CD4 2% 5 anti-CD4 mAb D f & Z H%E L 7= (Figure 9). &5 (Z
CD4 iZxt 7 % anti-CD4 mAb O #E A& 1L, pCoA N b i< LE L, KUV T pCA,
PFA DIJEIZHE A #LE Lz, 7=, precursor TH2 3 FEHO 7 2= 17 v/ ) A
REIZWT D mAb E MR EOZRELEDREEEZRFE LR o7z, 2D DR
BRIV, AEEY V= EA MR EICEEBLT S CDAICK G TEDLZ LR L0
Ll oT.
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Figure 9. The competitive binding of polyphenols and anti-CD4 antibody to
cell-surface CD4.

Fresh splenocytes were pre-incubated with various polyphenols (100 pg/mL). After
blocking the Fc incubated with anti-CD3e-PE,
anti-CD4-APC, anti-CD8a-FITC, or isotype-matched control mAbs. The interaction
between cell-surface receptors and monoclonal antibodies was examined using FACS.
Grey shading represents the control cells with control antibody; grey lines represent the
control cells with functional antibody; black continuous lines represent the monomer
phenylpropanoic acids-treated cells with functional antibody; and black dashed lines

receptors, splenocytes were

represent the polymerised polyphenols-treated cells with functional antibody. The data

shown are representative of 3 independent experiments.
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B B

ARETIX, EPP O®BEMRIEIEMEIC DWW THRE L, (i) EPP 23~ 7 & g/ Az 2 &
IFN-y 72 &5 VT GM-CSF 2 E DY A N A VEAZFHEET 52 &, (ii) EPPOY A
N A CEAFEFERICENT T MRBESNEE2&EE LR+ 2 &, (iii)) EPP 28
CD4 53+ ~DFEGREEZ AT S5 Z L, (iv) CD4 &+ DREREN IFN-y I L 18 GM-CSF
DEAFEICESEELTWDEZEEHELNE L.

VA, B Fof UREEBREEARS NF-kB OFEMLEZIE L, PIRERSE 2 BE
THZERWEINE P RAEDREFORS 7 = ) — VLA ®IT R
EMERBOBFEOLZOICEAIINTWDEN, R 7=/ =L AF ¥ —EE LW
NRAFF U H—BIELELORMPICEEND LD, 7=/ —NAHIELEWMITTHL
THEGICEAGERT ¥ o Fbk L7 =/ — LA WIT, EWiEENELL
ZALT 2R EMER D720, AATLO2BRICIIEENLELREREEREL b DD EF
265, BhHhFilblLiz7==1r7ax) 4 REIZ~7 AMEME» S5 A b
AVEAZFELEN,EPPHRICZ U FFXF T U REDEADIZTEAERD LN
WZ LD, EPP OB IRIEIE I Y 7 = VISR RS ICIRFE LT WD & E
X DHivD. F£7o, EPPIZFE O b AL 7 Mg ARl FEFHE N R 72 & NS A b A v pE
AFEMEM D, precursor IZIXRO LN o D, RNY 7=/ —LEHDS
T A R BEFBEERICTECERI DD EE 25, 5T EOELPHEEEME D
T OFOHRBEFEHIEEICER L EX 506XV oMb TV, il 2 131 EH
S D A B-glucan Td 5 Laminarin 13K & Th 5729, Mo &5+ B-glucan
DRI FRN A N A CEAFEEMITR O T, #iZ B-glucan T EFEEKOT »
ZI=ANELTHERATLIZERMBN TS . o TERY T RO EPPIX+4y
RIEHAL Y 7N B ANICBET DI ENTERVAIEELE X LMD, K
AT L b7 < L b4y T B 50,000 Da % 8 2 %5 EPP TIL, IFN-y 72 & O} C GM-CSF
FEAZ~ T AMIEMIE N DR ANICHEETEL I BRI NT.

IFN-y 72 5 ONZ GM-CSF [T HARBEICB W CTEHEELREE 2527 L TW\W5b. IFN-y
T NK MRS X » CTHISE S 2 BEBEEEICBEICED > T g 9% 7,
GM-CSF XU AV A, M, HER T 5B KEICEERY A N4 Th
% 99100 REaEME A B IZ X VB HEN D IFN-y 72 5 ONZ GM-CSF PE/E 1T, R YBh#
BIXOEBBBRICBITAEERBEL LS. BIREOZDICHENRBEEL L Tf
HENTWDZ< OMEERMIL, HEOREY AT LG T2 E2A
LTW5. H0ETIE, p-glucan OFEBAEH 2 #fs L TR~ O & HEH DRI R &
ELTIELFAER T 2 0 e H ko B-glucan 13 IFN-y K791 NK
M 2GS Es 2 EnmoENT WS 2% £7-, GM-CSF (& H E &I Hk
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+ % B-glucan O ERIETEE 2R T AER RN H 5 2 L g 4410218 GM-CSF
FEAFERAET AV Vo U EABAEE L LICERT 52 LT, B-glucan @ % iE
MIENRA2 LV RS FETXLAREMEND S

AKETOMFIZEY EPPR CDACHEGT DI ENBERINTL, W DhD7
= /) = LHALEWIZI CDAFEAREEEAL TWVWD Z ERMbNA TS, il 21X EGCG
X CDA AT HZET, = _Xua—FF X7 THDH gpl20 & OFEE % HE
L, fLHIVIEMEZRT ZERMESH TS . f#t-T, URinbambhTnd
U7 = HEOP HIVIEMEIE ™, CDAfEAMEIC k> THEYMICHBE S TW5 &
EZbND. 72, CDAIE~ T ZITBWNTAASN—T MO H 72 &3 104109 5 g
HO 100 R A IR A 0D IS RBEARD LN T WA, S5, B FOHERICEHR
T5HCDA T Ty F e L TliE, RAKRY N—F CoiEMILEB X OMEN D
NV T AD EREFETLZERRESNTND . fE5T, EPP O CD4 ~D
a0, xR EEEED TWEAREERXZ LS. LALERL, @
W CDA iz aARLE L TabhTEy 9 Tl Lo CD4 O B M O & T
A NIACOEEPFEINDIEEDS 7 FANELDLIEFTEZICTWVWED,
EPP D mERIEIEMEIC B W T CD4 AN DOZHRIEOE N IS, £z, EPP
ICHEEINDTA N IAVEAEREN T MEOBREICL > TEBIZIZWHER LR S
722 lint, EPP O A MU A VEAFEERICIE T MK FENEORKE & IFIRE
MHOREPREEL WD EEZLND.

CD4 OFEREMHIIC LV EPP O~ U A MIEMIICHK T o0 A4 MU A VEAFHEE
IR T EH722, $t CD4A Hrilid~ /v 8 —T Mg & Ht s 42 7%/ fa o i i 8] 32 35 % 40
H @& 2>, (6> T, EPPOERHA =X EHEIZT D=2, (i) CD4
e T M x4 2 EPP @ BRI Z/EH, (i) P4 sl & T #iha & ool fa i
HEEHOBEGIZSONT, TAETABHN T LOILERH L. ZHAOOHBAIXH =
IZTERL, EPPOY A M UA VEAFEENICBTD, KVFEMRAD=XL0
it 2 H45 L 7.
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B_E EPPOAKBEFEHICIBIIEABEMEMHEEIERORE

U7 = E G RIEEREES L L TR aMISHT 52 7-0I121%, EPP
DHRPENEA D =X L2 S HICHEICT OLENH L. AiE TIEL, MACS ITXL D
CD3e (EMEMIB OB EIC LV A A VEAERENED LD, SR s
ol #Eo T, EPP OV A M A UFEAFEERAN, THREKGFEORK R D
CNCIE R FE ORI X #2217 CWiZafREMEN R S =, £/, EPP 2
CD4 ~DOfidiex AT 5 &, EPP OHEIRIEIMEMIZI W\ T CD4 7y F A HE Rk
BEREZTEEZHLNIC L. LrL, CD4 XHEEE ML E o MHC-classll
EREA L, PURIR TR D~V =T i~ FE RIzZICHEb MR L L
THONTWS =) 9 Z oife THV 72 anti-CD4 mAb X, EPP & CD4 04
ZIE LD R ST, FURER M &~/ o8 —T #0 MR o 82 fik 2 R B4 L <
W HREMER S L. o T, EPP BN CDA ICHEA LI LIk DV A4 b A v A
~ORE, b NChFEE MRS TMRE oMaHEAE/ERS EPPIZ XS0 A
M AVEAFTEIERICEZDP2EBIZOWVWTENETNEMICHAT T 2LERND 5.

ARKETIX, EPP OV A b I A VEEAA D=L EZHALNZT H72D, EPP B T
AR 5 2 D EERNRIER, FFMBRE~ORE, 2o WNCEFEMBEE IS
HAEAERICER L, xRN OG- RZEHE YA AV T invitro @ FEAf R
THRE L.

40



B a0 AMEKICHT D EPP 0

AKEITIX, EPP O A M A CEAFEMHEMICE T 5 T MIKEHERE, 256
NS IR AFMERR I D W TR+ 5 728, (i) MBS EE T 5 CD4 51k Hi i & ks
%, EPP ANEBE TMICE 22 EEBICHOVTHRI L, (i) BREN, MR, 8L
FiE 2 OMKERICHEKT D2 AHMERD EPP IR A IO\ T 21TV, (ii) & HI2HERE
PET MR KOV B M fe 23 K48 L 7= C.B-17/lcr-scid/scid (SCID) ~ v A @ i ik #l i &
EH~ T 2AOMEEMIEZ AV, EPPICXRT D0 n B o b L -

N

i

22

W\
I

1.CD4 M1k, CD8 [t T Mo xf4 % EPP O &

EPP O T MK T A EHEBZIERICOWTHT T 5720, ~ 7 2 Wi
O THMaELZEML, EPPICL-oTHFEINDIVA M IA VIBELZBEEICKRTTL
7=

C57BL/6 ~ 7 A Jiligf i 7> &, CD4 BEME THila & % ik CD8 [ 1 T i ld 2 MACS
IR DR L, 3D EPP THIH L7 IZHEA S D IFN-y, GM-CSF 72 & (VIC
TNF-o O FEA % ELISA I X 0 IlE L 7=. MACS 4L H Fif © g iE, 72 5 ONZ CD8
Btk T HEAZ X, CDA B T Al & bkt g & L CHEBRIZH VW=, FACS fE#T12 X
D, MACS LB i o i Al il 1 o> CD4 B tE T MR #E,CD8 5 T Ml fu #E o HI & 25 %
NZH 26.9%, 17.1% TH > 7= DIk L, MACS MLE#% o CD4 B T flflnBE,CDS
BPE TR OB A IXE N T4 90%LL ETH D 2 & 2R LT,

3 M O EPP 3K BLai oo L&A AT (total spleen) 75 IFN-y, GM-CSF 72 5 (NZ
TNF-a OEAZAEICHFE LR, BRINZ THRE»SIEL, wWTiitot o4 b
A OV THIFEAEFE LR -7 (Figure 10). CD8 (5 T fifim D Hx 72 &
J, CD4 BIE THIRICBW T LY A MLV OEAZERT DI ENTE R
ez b, THMBEMTIEX EPPIZED2Y A M UA VEAFTENEC RN &N
BHEMMNE o7,
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Figure 10. Effects of EPPs on purified CD4" or CD8" T cells isolated from

splenocytes.

Total splenocytes (SPL) (4 x 10° cells/mL) and CD4* or CD8" T cells (2 x 10° cells/mL)
isolated from C57BL/6 mice splenocytes in 48-well culture plates (500 uL/well) were
stimulated with various polymerized polyphenols (100 pg/mL). After 48 h, the
supernatants were collected, and the concentrations of (A) IFN-y, (B) GM-CSF, and (C)
TNF-a were measured by ELISA. The values represent the mean + standard deviation,

n = 3. Significant difference from untreated cells: **p < 0.01; ***p < 0.001. N.D.:
not detected.
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2. ARk E Sk A mERIC 45 EPP 0 2%

EPP O GEIRIE A W = A LIZBT 25 T HMRKAFEDORE D, T Ml ClIae
L72aWZ ERMERINT-T=D, ~ 7 AEWEN, WR, 2o HRE, MK
SNOBRICH T S A mMERICEB T D EPP & MAE, A M A VIBEEAZFEEICH
L.

C57BL/6 ~ 7 A D JEE (peritoneal cavity : PC) X v, #AEMEM A [BIIL L 72 1%,
[l (spleen : SPL), Mgt (thymus : THY), RE&HE & IEH XV H4 (bone marrow :
BM) Z[EIUL L, &4 OMMikICHRT 5 AMERZRIE L. AFEMAHB KA Mk %
3HEIH D EPP T #, 48 KifH]#21CH5#& LG d IFN-y, GM-CSF, TNF-o & & %
ELISAJEICEVHIE L. TLRZ 7 =X KN Th % Pam3CSK4 %, Btk = > bu—
e LTHERELE.

Pam3CSK4 (T K& 0 Hll¥ & 4L 7= il i Al i s X OVE AR AR 13 TNF-a % pEZE L 72 23,
EDEPPIZEBWT HWINEM 28 S ahho 7= (Figure 11). —J7, REIHE & (£ M 0
fal (peritoneal cavity cell: PCC) X EPP HllIZ L 0 BAZE 72 TNF-o EEAEREZ R L T2
Z® TNF-a EAEIL, MEMR LY S8EEZ R L7220, IFN-y 38X GM-CSF
DO+ REALAITRO NN T,

INHDOZ b, EPP & Pam3CSK4 NWE R DA T =ALTH A NI A VEE
EHELTCWD I ENRBEINTZ. 51T, IFN-y O FEA D L 2 38V T o &
ROOENDZEDRHENE -T2, Fo, BEFEEMBICEIT S EPP O & IGE
MERmR IR, EENICE~r 77y —UBL0 B MAPEEICHFET D
ERMBLN TSI MO EPP N2 L OMIICH L CHEE L 5 2 T\ 5 Al fE
PERRIBE N R LAEZ3EBEO EPPICBW TCHBEOHEBA RN Z &b,
INDOOERNRY 7= HORBHWREMEETHDLZ ENRINT.
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Figure 11. Different reactivity of leukocytes derived from various organs of C57BL/6
mice to EPPs on cytokine production.

Leukocytes derived from the spleen (SPL), thymus (THY), bone marrow (BM), and
peritoneal cavity (PC) of C57BL/6 mice were isolated, and cell suspensions were
adjusted to 4 x 10° 4 x 10° 1 x 10° or 4 x 10° cells/mL in 96-well culture plates (250
pL/well) and incubated for 48 h with polymerized polyphenols (0—-100 pg/mL) or
Pam3CSK4 (Pam3) (0.5 pg/mL). After incubation, the supernatant was collected, and
the concentrations of (A) IFN-y, (B) GM-CSF, and (C) TNF-o were measured by ELISA.
The values represent the mean £ standard deviation, n = 3. Significant difference from
control: *p < 0.05; **p < 0.01; ***p < 0.001. N.D.: not detected.
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3. SCID ~ 7 & H 3k MBI 1= % 5 5 EPP o0 048

C.B-17 R~ 7 A TH A S 7- SCID ¥ 7 2%, DNA EEMKHE O RBIZ LV I
FEVETHIRBIOBMBEAXRKEBLTREY, EEOREASIREICH? 2 1. =
BRSO DICRA S TE2, THESIO B i@ FELRWN &
O, BAEMEZINERLALWED, BEMAM - REMRICE T 2BOEHREZ RS
W, — T, NKfifabs LW~ 27y =V E0BREERICED DRI E
WiCESATWS Z EnmonTng M) EPPIC L 2 REdEifERIC, v~/
Ty —=YeEDHW0IE B MEANEEREE AR L TWDAREERTRIBINTZTED,
EFEITHFNT, B OKIE L SCID v~ 2% AT, EPP @ % IRIE/EH o 2
filli 2 7 A 7.

SCID ~ 7 A M 3k Mg i i 2 3 FEFE o EPP THIM L, B IC it &5 IFN-y,
GM-CSF, 725 TNMZ TNF-a & % ELISA JEICCTHIE L 7. Pam3CSK4 (X5 = v K
m—/L& LT, £/ C57BL/6 ~ U AMIEAMAILAS Y A I A  DFEA L )L
DI, FEERIZHEH L.

C57BL/6 v 7 A2 K] 5 EPP O IREME & X, SCID ~ v A H 2k g fi fa (2 3 1
% EPP G A MK 2y o 72 2%, 3 FEEE @ EPP B X Of Pam3CSK4 |%, SCID ~ 7 A H 3k
JELE AR B 2> 5 @ IFN-y, GM-CSF, 72 5 ONZ TNF-a O EA 2 4 B 1235 % L 7= (Figure
12).

SCID~ 7 A& HAWEMmEIZ LY, EPP OGERIER R ICH T 5 T MW IEMKF M
DRBEOFENHERRIN, AR b Lo, F72, BMEAXKEL TWNT
b, EPPIGEMZ RT Z ENMHR I, &5, SCID v v R {ZBIF 5 GM-CSF
PEA (X C57BLI6 ¥~V A& LT TH 72D ITxt L, TNF-a O PEA I
W EWEZ TR L. 2O ORERNDL, EPP AHRGERZEMEILT 2ER 24
LTCWBRREMENRE I T,
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Figure 12. Cytokine induction by EPPs from C.B-17 SCID mice-derived splenocytes.
Splenocytes (4 x 10° cells/mL) from C57BL/6 or C.B-17 SCID mice in 96-well culture
plates (200 pL/well) were stimulated with various polyphenols (100 pg/mL) or
Pam3CSK4 (Pam3) (0.1 pg/mL). After 48 h, supernatants were collected and the
concentrations of (A) IFN-y, (B) GM-CSF, and (C) TNF-a were measured by ELISA.
The values represent the mean + standard deviation, n = 3. Significant difference from

control: *p < 0.05; **p < 0.01; ***p < 0.001.
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¥ " EPPOY A MA CEAERICE T AHURE MR OB S

PURSE R A O ML B E 21X TLR2, 4, 572 & @ TLRs, 72 & NI Dectin-1 72 &
D CLEC 72 &, xR BRGESZHEENEILTEBY, TN RREN 7 PAMPs
ARHBT 52 L THREREIGEMEAL S, BYERRCIFIREEO R 2T Y. fif
DREFHZBWTEPP R~ U7 A JERER ML 2 S W TNF-aEEZFHEE LT Z &,
F7-, SCID v~ AHKMIEMIRE VA N OA VEAZFEELZZ END, EPP
DHPEFHEIEEIC~Y 7 07 7 — U7 b OB AR 72 & o BUR $2 7~/ i 23 3% < B
H LTV AHREMEDN R S Lz,

T ZTCAETIZ EPP OV A M A v EATEERICB T D PR R M Lo 5% E|
7B PR M IS )t 2 EENRIERIC DWW THRE L 72,

1.EPP D% A NI A VFEAMERICK T 2 U R MR o 2

FUR AR MBI A Sk PR IS b L CRIBRIC RO L, T DH%ICA L 58 & 7 i i
BEDORNYH =L/ D EPP OV A bh A VEAFEERICE T D PR R Mo %
HE2BRHTr720, BBMR TS~ 07 57— 05 CITENIRAIKZ & o H R R
RS A FERAICEI Y BRE EPPIC K VFE SN DT A MU A Vv OEEAREE IR L
7. £/, CDllbiZ~7s/ v 77y —YO~—h—& LTH", CDllc iZMRME D~
—H =& LTHWE M,

C57BL/6 ~ v A Wl 0 2 anti-CD11b % 7= % anti-CD11c microbeads TALEE L,
MACS % i\ "C CD11b BEtEM i, CD1lc BEEMilaZkrE L7=. FACS f#fric L v,
MACS 2L 22 i o JiL g #E e v > CD11b B&MEHEfa, CD11c F5 M B B > FI A& 2 3% LA |
THoT=DIZ% L, MACS ALFE#% o CD11lb B #M i, CD1lc [ M i & o B4 1%
1%L FTHDHZ EaR Lz, MACS ALELRiT#% OMId%z 3 fE%Ho EPP THIF L,
FHE XD IFN-y, GM-CSF B X O TNF-a ®pEAE 4 ELISAJEICCHIE L. £
7t e — b L C Pam3CSK4 & FEBERIZH W=,

CD11b BEPEAI NG, CD11c B EMIIE 2 B = L 72k B, EPPIC X VB S U5 IFN-y,
GM-CSF 72 &5 ONZ TNF-a O FEA & X, WI b BFE IS Lz (Figure 13). £ 7=,
Pam3CSK4 HIPIZ I W T & AL L 72 28 /L & 472 23, CD1lc Bt M oo B £ 12 &
% TNF-o EEARICEDB R b7 o7z,

VERL L 729 _Co EPP ICHUL L7-HmNRBD b, gy J=EHoW A b
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WA VEAFTEIERIC~YZ a7 7 — U756 QCUTHHR A 22 & o B #E H in #E 28,
THIRE FEICEE AR A2 R-T LN R o, ST, V= HE
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Figure 13. Contribution of antigen presenting cells to the EPP-induced cytokine
production from murine splenocytes.

Total splenocytes (SPL) (4 x 10° cells/mL) and splenocytes deficient in CD11b* or
CD11c” (CD11b" deficient or CD11c" deficient, respectively) derived from C57BL/6
mice in 48-well culture plates (500 pL/well) were stimulated with various polymerized
polyphenols (100 pg/mL) or Pam3CSK4 (Pam3) (0.5 pg/mL). After 48 h, the
supernatants were collected, and the concentrations of (A) IFN-y, (B) GM-CSF, and (C)
TNF-a were measured by ELISA. The values represent the mean + standard deviation,

n = 3. Significant difference from total splenocytes: **p < 0.01; ***p < 0.001.
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2.EPP ® BMDC IZB T DV A A VEAFHEEH

EPP O A N A VEAFEIERIC, T MO 53 P S A A &E 2 e &
HERLTZERWAONE RS, PURERMAILO EPP (Zxt 3 2 B £/ 72 )5 & 1
ERET 570, v U A E B E BRI~ & S eEEE L, EPP THITE L 72 BRI
FEAEFEIND YA NI A v BEEFFML .

C57BL/6 ~ 7 AH KB BEML %2 1L-4 & GM-CSF /5L TH;2& L, & B B kiR
#MfE (bone marrow-derived dendritic cell : BMDC) #{E# L 7=. BMDC | 3 HH D
EPP CHillI4 L, PEA SI7z IFN-y 72 5 ONZ TNF-a &% ELISA EIC L 0 & L 7=,
TLR2 7 =X N T® % Pam3CSK4 Z gtk he— & L THWE.

3fEE D EPP 72 5 VT Pam3CSK4 | BMDC 7» & TNF-a ODFEA 2/ EI25E L /-
2%, IFN-y BEAEILFEE L 720> > 7= (Figure 14).

WD EPPIZE > TH TNF-a DFEAEANRFEINTZ LD, BRSO
BREM YA NI A VEAFEIL, AEEY V= BEICEBET A2 REFNIEMT
o M ENT. £, B2 EHE -HOMEFICTE VT BMDC @ Hi KM fd T H
%5 BMC 2 EPP IZK LR WIE B Z R I oo 2 Lo, BikMla~&oibd %
TETISEENREEB LI O EEZILOND. IO ENLAIEMNEY V=8
DMl DR & 72 PAMPs & [RIERIC, BAARBEEMLEZAL TWDLZ R LMNE R

> 7.
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Figure 14. Effect of EPPs on cytokine production in murine BMDCs.

BMDCs from C57BL/6 mice were stimulated with various polymerized polyphenols (100
ug/mL) or Pam3CSK4 (Pam3) (0.02 pg/mL). After 48 h, the concentration of released
(A) IFN-y and (B) TNF-a was determined by ELISA. The values represent the mean +
standard deviation, n = 3. Significant difference from control: *p < 0.05; **p < 0.01;
***p < 0.001.
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FH MR EAERICE D EIE S D EPP DY A b A BEAEEN

—ERLCHIE E TCORMICTEV,EPP OV A b A pEAREERICITH
Fie Mt KON T MEENEEICED TWnWH Z WML -7, CD4
XA~V R —T M 2 LR T2 R A 20 & PRI 2 2 T D BRI, i v 7 Rk
D7=HIZ CD28 72 b T LFA-1 7 K L LB B A2 R L Tnwas 2 &0 b
120120 EPp O fE A BLICHUFIE R M & THIOMAEEMABEESE L TWVW5 2 &R
THRINT.

%:T*?'&’éﬁf‘&:t, PRI RAIME & T MAEREIC BT DM AEERICES T 5
MR 7o VICHREER o290k zZ HWT,EPP OY A NI A VPE
AFHEER IS 5%2%& DWTHFL 72,

1. EPP @ IFN-y BEAFEEHRICB T 20 EE R E TR0 5

EMEEE 2 OBEERMICBVWT, BNICHKT DHEEY FICLVF
BIND IFN-y [ IO THERKFO—>THDH. EPPIX IFN-y DEAL L ~ 7 A
AL 20 &0 < FBE L7 3, toMERICH KT S AMmMERZ 5 N BMDC 2 51X
IFN-y O EEE TR b2 oi-. £ 2T, EPPIC LV ML & 7= HUR $2 /5 i
E, TAOREO T MRAGFEETSZ LT IFNy OEANFETE DL L E X, EPP
JSEMEE R U BN E AR R U7 T MR 2 ¥R00 L, IFN-y PE 4 & % 5F A
L7z, 72, IFN.y EEIZE LA REVRIEER - TH D IL-12 DFELERIZONT
b AR IR ET L 72

C57BL/6 v~ 7 ADEIE L Y PCC ZmIUL L 7=, MBEHIEZ g% L7z, i
Mok THAIE, iR ~D X THMBRMEY 7 5% H W TRER L 7. FACS ff#fric &
D, PCCHOTHBREOEEN6.9%THDHI &, 0T LAHFIH%O T M0RE
DEEN85.3%THDH I & AMHA L. PCCEMiEMmE TMMWIZTL:1 TRAL, 3
FEFH O EPP THlllith, 48 BFf#ICHE EiETH @ IFN-y 72 5 TNZ IL-12p70 B %
ELISA LI X W J|IE L 7-.

PCC, 2D WITMlEmE sk T MM 2% EPP THIBE L7234, IFN-y [ ZIE & A L PE
EINolo, PCC LB R THIZIES LSS, EPP ITIE L T &
® IFN-y RN PEAEFEE S iz (Figure 15). — 5, 1L-12p70 O FEA X E O BREICE W
THRDO LN o T2,
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ABFHZ XLV, EPPIZ X 2 IFN-y O EAEN, IEMHAL LZPURE M & T /i
FoTHIEEINTWDZ ERMERTEZ., F2, I XToOU o LOMBEILR—
Thd, THEEFURERMEOFAELIZEL > T, IFN-y O EAEITEWVDE
ClmeEZEzxzonb.

A B
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Figure 15. IFN-y synthesis induced by EPPs was mediated by both antigen
presenting cells and T cells.

C57BL/6-derived resident peritoneal cavity cells (PCCs) (4 x 10° cells/mL), purified T
cells (4 x 10° cells/mL) isolated from splenocytes, and an equal volume mixture of PCCs
and T cells in 96-well culture plates (250 pL/well) were stimulated with various
polyphenols (100 pg/mL) or Pam3CSK4 (Pam3) (0.5 ug/mL). After 48 h, the
supernatants were collected, and the concentrations of (A) IFN-y and (B) IL-12p70 were
measured by ELISA. The values represent the mean % standard deviation, n = 3.
Significant difference between PCCs or T cells and the mixture of these cells: **p <
0.01; ***p < 0.001. N.D.: not detected.
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2. EPP @ IFN-y EEAEFFEEMICRK T 5 IL-12 D5

EPP 1%, +437: T Miflm & PRI RMAA N FRFICHFET HIREICBVTEZED
IFN-y O FEEZFBET L2 ERHL N E R o2, IFN-y D EABRBEICE W T, IFN-y
FEAFER - Th D IL-12 DFEIIRO NP oT. ZTRETOMEICTEID, »
< DD PAMPs, il Z X REME R ML B kT 5 B-glucan @ IFN-y A F5E 21X,
WYER 7 CTH D IL-12 PEEREHZRELTZERRE S TWDE P 22T,
EPP OV A MO A VEAFTERICIL-12PED LS 2L KITL TWD 0, IL-12
Zxt g A HRPLEE v CTRE L.

C57BL/6 ~ 7 Z ALl #H id % anti-1L-12p70 mAb THLE L, EPP (Z X vV J% [ 40 i 2>
LIFEEIND IFN-y OFEAREZL ELISAIEICTHIE L. £, ZhEZh o
IZHHIGET DT A2 AT 196 ML, FLIEORF R R2ERIC OV TEIEZE L.
EHICTLR2 Y A FTH%H Pam3CSK4 v bm—L & LTHEM L.

IL-12 O FIALER I L W, Pam3CSK4 [Z X VW FE XD IFN-y OEA RITHEIZ
A L7, EPP ICXVFEEIND IFNy OFEAZICEITIRD N o Tz
(Figure 16).

INHLDZ NG, AIEEY 7= O~ U AMIEMIIZ BT 5 IFN-y EA T E
TER A, IL-12 FEFERICS SR ZENTWD Z E XA S, £7-,EPP ® IFN-y
PEAETHER RN, p-glucan B LN TLR2 Y H > REF R DA D=L TH &L Z
ENTWD RN RIS iz,
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Figure 16. Involvement of IL-12 on IFN-y synthesis induced by EPPs.

Splenocytes (4 x 10° cells/mL) from C57BL/6 mice in 96-well culture plates (250
uL/well) were pre-incubated with 1 pug/mL of anti-1L-12p70 mAb or control isotype (rat
IgG2a) for 30 min, and then exposed to various polymerized polyphenols (100 pug/mL) or
Pam3CSK4 (Pam3) (0.5 pg/mL). After 48 h, the concentration of released IFN-y was
determined by ELISA. The values represent the mean % standard deviation, n = 3.
Significant difference between isotype control and functional antibody: *p < 0.05. n.s.:
not significant.
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B.EPP OV A b A VEAFEERICK T D2 O MR g S 7 DR

PURAIM 2= P et it il i, TR EBEE L CRES T TRAEZEKRT 5.
AL U 72 B R 82 o fE fR il @ MHC-classll-p2-domain, intercellular adhesion
molecule-1 (ICAM-1), CD80/CD86 (B7) ILZ#Z4 T #fafllc> CD4, lymphocyte
function-associated antigen-1 (LFA-1), CD28 LA L, PRI RMAOE®REZ T
M~ ST 5 1000wy 2 MR BV C EPP O Y A b A VAT
BERICK T2 CD4 OERRBDOLN TS, AE TIEE HIC LFA-L,
ICAM-1, 7256 CNZ B7 OFEREZ M L, HUIRRnMla s T Mg & o B 722 152 il
WY A NIAVHEEICEZDEEBERE L.

C57BL/6 ~ 7 A il i &2 anti-LFA-1 mAb, anti-ICAM-1 mAb & % X cytotoxic
T-lymphocyte antigen 4 (CTLA-4)-Fc % A 7 # > /X 7 G CHLEE L, EPP (T X U 4 g f
A HiEE S LD IFN-y, GM-CSF 35 X O TNF-a O JEA & % ELISA £ CTHIE L
7-. anti-LFA-1 mAb, anti-ICAM-1mAb IZ > W TIiE, TNENRIST HT A YV Z A
719G AR L, PR 2P RERICOWTHF L. 73, CD28 7 7 &
7T D CTLA-4 X BT ~Of Gz R 2 L mbh TRy 22 2 CTLA-4-Fc
PR R Eo BT & THI oo CD28 L OB ZHAICHEL, THMD
AL ZME T 2720 EH LE. £/, TLR2 U 7> K ToHh % Pam3CSK4 % fif [
L, &EMEEEL 7.

LFA-1, ICAM-1 (23 2 ANk &2 H 7 8235 47 1 o #n il i EPP (XY
B X5 IFN-y, GM-CSF B X O TNF-a D EARITAH E _/@w Lf: (Figure 17).
%72, CTLA-4-Fc 2 & % CD28-B7 fHEAEH oMz L > TH, IFN-y, GM-CSF O
PEABNIHEICIK FLZ. £7-, CTLA-4-Fc ALPFRIC L VW TNF-0 OELEBENENIC
W L=, —J7, Pam3CSK4 TiX, LFA-172 5 ONZ ICAM-1 O FFIALER, & 2 W\
CTLA-4-Fc DIRMIZ & - T IFN-y FEA N A BT L72H, TNF-o O FEA & IZE Ak

IO LN T

INHLORERXY, AEMEY = I XD IFN-y, GM-CSF 72 5 (NZ TNF-a @
PEAEREEAER X, PRI E T Ml o RHEAEERICL > THE I
TWAHZ ENRELMNER -7, F72 TLR2 U 4 > FTIEX TNF-a FEA 2 #i a5 82 fik
L DB EZ TR LR S, EPP & Pam3CSK4 D AEMiEPESkE & 72 48
ICBWTHET LI ENRINT.
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Figure 17. Direct cell-to-cell interactions enhance cytokine release induced by EPPs.
Splenocytes (4 x 10° cells/mL) from C57BL/6 mice in 48-well culture plates (500
puL/well) were pre-incubated with 2 pg/mL of (A) anti-LFA-1 mAb or (B) anti-ICAM-1
mADb, and each control isotype (rat 1gG2a and rat 1gG2b, respectively) for 30 min. (C)
Splenocytes (4 x 10° cells/mL) in 48-well culture plates (500 uL/well) were
pre-incubated with CTLA-4-Fc chimera protein (4 pg/mL) for 1 h. After pre-incubation,
cells were stimulated with various polymerized polyphenols (100 pg/mL) or Pam3CSK4
(Pam3) (0.5 pg/mL) for 48 h. Then, supernatants were collected and the concentrations
of (a) IFN-y, (b) GM-CSF, and (c) TNF-o were measured by ELISA. The values
represent the mean + standard deviation, n = 3. Significant difference from control
splenocytes: *p < 0.05; **p < 0.01; ***p < 0.001.
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BB B

Bl

ARETIXEPPIZL 2 THIAEE ~OBEHENLREBIZONTHRF LA, CD8 ik
THMEOAET, CD4 BT MIENSOY A NI A VEEAFEERZR IR0
>7-. EPPIZIZCD4 L DOWERENH DN, CDA Y 7T ILOHTIET MO+ 57
AN BECTCE bt E2ZOND . —FT, RIZua—F <A P
> T D ConA X PR MM IERAMIC TMBREZEELLES Z EBMbRA T
HZ MBI EPP I CoNARED L I F L LT R R D AT = X L THRERE
PERLTWDHEFEZD. £z, rxoAMEKEZHWTERFOKRENL, EPPILE
PED ML 72 & I IFISEMEO MBS FET 2 Z EAR S, PMA 72 EOIEFR R
7o ML ERTEPEAL Al & 1 X R 72D Z E MR I T,

WIZ,EPP WIEH ~ VY AO K72 b3 THiZ S N B Ao R\ L7z SCID v v
A Sk PN S AR ISR L L2 & s, THIRIERFHEORKENHME L 20,
LIRS~z 77—V EOFEE RS EPP O % & RIS
PV ETHDHZEEZHALMNE LT, £72, BMC 2 EPP &M A2 R & 2o 7z —
J5C, BMDC 2°5 TNF-o FEAEZFHE L2 &b, BHRMRICERE T M5 10
ZARRD EPP OFRRICEE 53 5 AIREME S R X v, [RIREIZ EPP 2 B R i b (b
BEATOHMEEYFTODIZ LW LMNE R -T2,

EHIZ, EPPIC L VEAFBEIND IFN-y DFEARA D =X LIZHOVWTHRE L.
IFN-y 1Z NK #i 72 & QNS CTL OIEMEALIER 2 F o7z o 15 90 9 9 e vt & 4 1
L AMEEOBRERL X OEEHEICBWTCEERE O —>2ThHDH. IFN-y (XTEIZTE
PEfb S 7z Th M2y HEEA S DAY, IFN-0 B3 X VIEN-B 22 & | B IFEN & 4k
B, BEOVA L AEFMEEZ L SE D PO RIS,
S HIC NK IS IFN-y ZPE4E L, BAHBLOfTEoMEZEEILEIES. £/,
~r7m7y—Ukeb RN GEEINDS IL-12 B EOWRMER 2L - T
HIIFN.y EEANBE SN DL Z LMo TS Y. KEOKRF TH LK R0
O, ML LR R E THRE OMEEES N, EPPIZ X D IFN-y FEA %
FE L CWAZERH LN oT. ZOFE, A IFNy FEK & LTHMbLR
% IL-12 2%, EPPIC X B IFN-y EAFEICKREREEL G 2 oo, ok~ 72
IFN-y £ T a— % =N IL- 12 DB ZZ T TVWHZ R HRESNTNWDLZ LD
128, 129)  L-12 OB A Z 1 F 12 < W IFN-y BEEA FH 40 5%, EPP OB is#Al & L
TORHBThsrEBEZLND.

EPPIZ L2 A MU A VEAFEEMRL, THE L HURERMEETICH T 5
EAEFIC LV HI#E ST d, GM-CSF & IFN-y #4122\ Tk CTLA-4-Fc %
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AW EBREER L, FURR RSB OEE/ICHE N TAET D CD28 2/ Le T Ml
DIEHEAENBFICEETHL EE XL OND. o, FEA I LT IFN-y IXP0RE 2 ffa
DILRHEMEEZFEEL, MHC O 2 EORB LEFEZRT ZENTHEINDTZ
HBV N T2 EHRN T I F TV a Ny bD XD R %E BT RS I
Exbd. SBILRLIRE R, Bl MiEEREME L oMM RFH
EOR &R LIz,

AKEORMICE Y, EPP A~ 27 10 7 7 — 27 b ONTHHRAIIE 722 & o B 42 2 fi i
T DM RGEREAI CHL LR RENRTE. TRET, V=B HRUA
NAEMEZ R THBEED FTHZ LMo TR ¥ LIt ED0AR
BitH G DIGVEMLER 80 b Lo /o®d, EHER O CICHEMNIC T A L A2 LT
B RaeRmTalEEN R SN, £io, AERGEED EFIT Y A L 2B
oA 763, BEMRICHT2IEEES EAIEsEF20h, MUEREDRZ
M LEBEES T LT V= 20 HTELHBEERRINE. H-ERD
CICARBOBRHIZE D, (i) EPPIlZ~27 0 7 7 — 27 6 QUSRI 2 B 87 M1k
X, (i) Bl EfEENOOMES THRZIEM(LIEDL LT, SH@ARY
A MDA VELEEZFET D —BHORXA D= XLNHEL L AR -7 (Figure 18).
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Figure 18. Proposed mechanisms of cytokine-inducing effect of EPP.
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B=-E EPPORAREICKZHESEZRE XU NK MEEEER

EPP S Hu 42 Rl & THE OTE b 2 U CIFN-y EEAEZ B D ICFHFE T 5 2 &
N, FHOBEORMICKLVHALNE R o7, IFN-y OEAFEE 2 FoMEE R A
Ky, Bl 21X fucose X — R & LTl 205 C & % fucoidan, & %\ X B-glucan
IR OGS ICE ) ERIEL 2D CICHERESREZ R T2 ERm5 R TWng 3B,
INET, M) 7=V EOROEGICEDAERIEDRITIT LA L RE D E
<, BHEEMRILIZEO LN TWAahotz. LaL, EPPIZ IFN-y £ A EEE N R
bhizZ &b, EHEILZEPP ORAOFLEICL - Thb 2O HhambEd 52
ECHEEREEHE T DL LEE R,

ARETHE, BOBEIZELD EPP O ERIEZ ROFEA2HMEIZT 5728, CA 7L
5N pCAZHWTEMM L. EARKZICBITS CAoZEMEFML =%, #H
JE~ U ASORR O FGIC LD PUES R, M BT D RIS &M DT invivo
W CHRFT LT,
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- MEEEASRBICBIT S CA WML

BRGHKOBEY 7 =/ —AHEAEEHO L ITBOHIBILIEEZEL TR,
PBBAEEIEAY 72 ) —VOEEREBO—2THDH. HEILYE OB 2E
BUZ XD, WBERBRBEOTFHHIRIMHTCEHZ 00 ), HIBBLIEAZAT
LR REME R IS AMEAm W EEZ X D, AW T precursor & L CfEA LT
WhHTZ =T uanX) 4 RESL, MoRY 7= —MibEY L REICHERIE
MEHAELTHEY, WERIEEO AR ILER, 1R FEIC X 5 M0k BB Ik
AR ENHRESH TS B3 Lavl, BEMBRAEESICLID FREA DLV
BEDOEIZE > T, FUBBLIEENE D L 9 ICZL L TV D ITHME TIE ARV,
B EoOROELEN, 2HEORE AT L ) Ao CICHBE~ T AZE T
DYEE G B B 52 RS RE STV A7), CA R DLW pCA
DL D ZWAKEICL CTBLERID D, £2TC, ABTIXIEARKZIZBIT 5 CA
DPBALTEMEZ B E L, & 512 pCA FIZ CABEMEL TWAR WS, FILJER 7 o
~ NI T 74—l R0 RSN L .

1. CA, pCA D Hifig b i& M

HEHAT% O CA DR DB, — ARkl &5 T 5 DPPH ik
L ABTS Y VTR L. WERBANTHARAZET DU NVICERT S
BREFON, RBRAEZMATZEBICAONDIBEDO LNV E, T2 7L EGE
ELTHBbIEEFEMICHVYs N TWD ., Bt as e — & LT Trolox &
R L7z,

DPPH #1235\ T Trolox, CA, pCA [ZZ N Zi DPPH 7 W /v &4fid L, N
B OB G E 2 3> S 87 (Figure 19A). CA & pCA DO HiFE (L AE IC 1B &
RAENL S, CAIX 125 pg/mL UL EDOREIZE W THILEDIZ L A ERERIEE
WO B2, pCA X 500 pg/mL IZHB VW THERICIFHE L o7z, Ei,
ABTS 5% MW 72 5FAfi 12 38 WV T b AR O 5 R 2345 541, CA X 62.5 pg/mL LA 1 o>
FEIZB W T, pCA IE 250 pg/mL UL EDOREICEB W TRILE DTERRIERNED L
7z (Figure 19B). EH 5O HEEICE W TEH, CA OFLERLIEHED Trolox £ 0 b
W Tdb D DIK L, pCA T Trolox &V 53\ Frlig (b is vk & % L 7= .

AKRFHZ LV, pCA OHENITEGATO CA LEEXTEA T2 Z LB 60
Lo, L2L, pCA OHALIEMEIZZERIZITHEAET, —HERFINLTWVD
ZENHER I N
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Figure 19. Antioxidative capacity of monomers and polymers of polyphenols.

The effect of polymerization on the antioxidative capacity of CA was measured by (A)
DPPH radical-scavenging assay and (B) ABTS radical cation-decolorization assay.
Solid line represents CA and the dashed line represents the pCA. Trolox was used as a
control for antioxidative activity (dotted line).
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2. CA, pCA D4y 1 #4534

PCA L CAOROFHGIZIDEMIEEZFHMT HITHTZ 0, 520 OJFEE T pCA
FIZCADIRMEL TWESS, EMRMEZITI 2L 3R#EERL. 22T, A
Aiftk ® CA DL+ EBEOMIZOWNWT, FrvAhilrsua~ 777 4 —%FAL THL
7=

CAFE ZIIpCAZIRFT & b U IERIZEM L (5 mg/mL), 200 uLZzJRF7 &
AR -1k L 7= Toyopearl HW-60F columnlZ 7 7 7 A &, RWK Z Mk & LT
F—=T N TAIaw NI T T 4 —FTo. KT TV v a 2500 uLT O IR
ZE L, 7=/ —/MKERK%Folin-Ciocalteuis™ Z H W THH L 7.

CAIZ46ARD 7T 7 v a BT =N HERINTZDIZH L, pCA I 33
AKBDOZ7Z 7 varyiPhe—2 %L (Figure 20). F72, pCA 28 29-41 KH D7
T va il BREENTEOICHL,CAIX4L-54RKBDOD 7T 7 v arilhHanik.

RET P VBRICHE LES TREAZ VA —FERELRRN- 20, BEW
RHESTEIIAHTH DN, pCAITbLIRBREERINZS TESMAE R L. £
72, CAZ L NZpCAITHHBEIZ DBt S N2 LD, pCAERIFICER T 5 HEIKCA
DIEAF, HDVITHRGFEBICBITA2CA~OSMMBEL TN ERER I,
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Figure 20. Molecular weight distribution of caffeic acid monomers and polymers.
Molecular weight distributions were determined by gel-filtration chromatography using
Toyopearl HW-60F column. Solid lines represent CA and dashed lines represent pCA.
Eluted phenolic compounds were measured using the Folin-Ciocalteu method.
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W fi CA, pCA @ %24k 3T fff

BREMERME LTV V=V HELRAT 272010, V=V EHOZEMEIZONT
MRTOILEN DD, TxPEEREBERL CWAHEMERMLICIE, —ERY V7=V
HEREERTWD ), RAMIZRLZETHL EEZOND D, MBRAERY 7
ZUVHORAOFEICBITALEMEICOVWTHLEIHFTRETH L. =2 TR TIX
HEABRICBIT 2 CAOERFMHEOFHE, ST~ AR OKELS LEEORY A
FHICOWTHREF L.

1. M &2 H 7= CA, pCA D28 B s Mk i B

CA b IZ pCANERFMZRT NG, MEEZH W DNAEERABR TH D
umu s BR 2R L CEEM L 7=, umu i BRIX DNA OfEEICIE L THE SN D umu &
GO EZ, NTHIZEA &7z p-galactosidase FEBEEFICLVEEIND
B-galactosidase &%, WERKAKLE TE=F—T 2R B TH D Y. IFMREKIC
B OIERFHEICOWTHRKICHEMT 5720, RO EmIC/BESR 2 mx -
S9 Mix D AFAE « JEAFIE FIC TR & i L 7=

CA 3 L T pCA iZ 15.3 ng/mL 7> 5 64 mg/mL £ TO ¥ T/AK & %\ iF 10% DMSO
CHR - TBE L, S9 Mix DFFE « HEHFAEFICTEN TN Y VE R T H NM2009 £
EIRAG - REREE%ICH E S - B-galactosidase O iEM: A, DNA {5 L LD s
BEE LU CHEMG L 7. ¥7-, B-galactosidase {233y 7 7 J 0 RO 25525
GorBERmRE L CHEL .

S9 Mix DIEHFETFICBWT, CA LT pCA TV THhHoOEEICBWTY
B-galactosidase {14 @ H N HY 78R & FFE L 72 )y o 7= (Figure 21). — %, S9 Mix O {F1E
TIZTER W T, CAIX 250 ug/mL @ i £ /> & B-galactosidase % 1 2 §& <0/ (2 B 78 X
2000 pg/mL @ T B-galactosidase IEPEN Ny 7 7T 02 RO 2 5 & 0T
iz, B EEZ-R L. pCA L SIMix OFE FIZHB W TRHAEEIZ, 1000 pg/mL
D IR H 5 B-galactosidase IEME A FEC I EH 7228, 4000 pg/mL DR EIZE
WCTE—2 %R L, TOHHBAD L, ©—271281F 5% p-galactosidase & 1%, v
77T RO 2 BICHTR0d, pCAITERFMEZ RS 2WI ENRH L E
o7,

ARBRFHZ X0, pCA D2 BT I S9 Mix OIFIE-FEFAETICBWVW TR D LT,
CA LI L TRAENREH NI EBRRIB I N,
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Figure 21. Mutagenic activity of caffeic acid monomers and polymers.

The mutagenic activity of caffeic acid monomers and polymers was determined by umu
assay. Various concentrations of CA or pCA were mixed with Salmonella Typhimurium
in the presence or absence of S9mix. The vertical axis represents cellular
B-galactosidase activity as an indicator of DNA damage during incubation (with shaking)
at 37°C for 2 h. Solid lines represent monomeric CA and dashed lines represent pCA.

¥ : The minimal concentration for a positive result.
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2. MO EIZBIT D CA, pCADERE L~ T ZADOEKEL

=~

CA 72 LN pCA OKBEIR Z FEEEIZ~ v ALK L, BIRER L CIZHE G 1)
HEBICB T~ AOKRELIZRHAE L.

HAATE O CA L DIW IZEME L (500 pg/mL), 7% 50K # #1203 B 1k 58 o £F
WKy ZICHRBELE. MEr—vicky bL, HEHSKAKOEX T DBA/2 «
AR OEBERESES., arhar— e LT, DIW ZREICAE LS O %
L7.

YUALEHEY) OB KEREZRHELZEZA, 1LHBLZ34gEILT
WAHZENHRENT., £/, 14 BB DKk, CA, pCA ORIBEEIC K 7
FEILFR D B o 7= (Figure 22A and B). X 512, EARI% O CA Of O &5
I 2M e EmERD IR T, EHESGICB T 2EE LA EMEHITER
72y - 7= (Figure 22C).
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Figure 22. Safety studies for oral administration of caffeic acid monomers and
polymers.

CA or pCA dissolved in distilled water (500 ug/mL) were administered ad libitum daily
with drinking water to 4-week-old DBA/2 mice for 14 d. The amount of (A) daily and
(B) total polyphenol intake and (C) changes in body weight of mice were measured every
24 h. The values represent the mean + standard deviation, n = 9.
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H=fi CA, pCA O N5 X2 HUHEEL R

FREIETEEZ R OB RS OARFME LT, ~ v A ICHEBEMIL A B L
FBOBBOBEML L EEEE LERBRARLASIATHDS . £/, XAYHE
KK 7 AL EMIC L 2 HEE R ORI & L TlX, in vitro lZ3 1T 2 ML~ D B
72 5 5 i@ﬂifﬂﬁjﬂi&ﬁi?ﬂﬂﬂéﬂfb\é 139 KM TIL CA 72 B TNC pCA D% 1 %
HAZ X 2 HEE F, B XL OVin vitro (2 3 1F 5 JE 55 HE a0 88 5f 10 ) 2h F iz > TRE
fili L 7=.

1.invivo IZ¥1F 5 CA, pCA O N 51T X 5 [ 5518 5 #1025 5

ARFHCIE, BEHOEBMEE LT DBA/2 v~ A ZHET 2 IEMMIEETH
% P815 il il L 7. PBIS XM A~V A ICBMET 5 &L BIEMITHEIE L TL £ 9
2o MO AEITHEESFDO LETH D CD80 (B7-1) DEMEFE2 T AV 2=y
7 L7 B7-P815 % i\ 7=. B7-P815 (/A 7~ A ¥ > & N Z 7238 IR 55l C ik F5 5%
# L, B7-1 ®FH L PE £ anti-CD80 mAb % T FACS fHric L W iR L 1=
(Figure 23A).

CA B X pCA % 500 pg/mL OJEE T DIW IZIEM L, &ERKINE%, DBA/2
~ 7 AICHBAKAKDOEAT, nﬁ%ﬁfﬁTHi?@H%ém?EH&éﬁf:. OB 9
H#, B7-P815 fifla % ~ 7 A LMD FIBREICKZ FEMEEIC LY &S L. (Day 0).
JEH A XL ¥AEHWT3HI L& _air/EIJ%ﬁb\, MES AR H D 21 HiRIC~
VARERL, BpEEzE L. BERESE = e — A BEIZIE Day 7 (1
cyclophosphamide (CY) % EPENIC BB & 5 L 7-.

CA, pCA, b NC CY BEREIL, av b — AL L THERESY A
R OW NS L iz (Figure 23B). if: pCA B LW CY #HEHTIX, vU A
DR LEEEOERICBWVWTHRRICAERBAZ R L. b0 RIC
D, CA 7B NT pCA DR OEBEIC X » T~ v ZERNTO B7-P8L5 Ml i d Hi 5l
ZEHCELZ LALLM E ST
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Figure 23. Tumor inhibitory effect of orally administered caffeic acids.

(A) Transfected P815 cells were pre-treated with Fc block and incubated with
anti-CD80-PE or isotype-matched 1gG. Cell surface expression of B7-1 (CD80) on (a)
mock-P815 and (b) CD80-transfected P815 was confirmed by FACS. Grey shading
represents cells with the control antibody; black lines represent cells with the functional
antibody. The data shown are representative of 3 independent experiments. (B) CA or
pCA dissolved in distilled water (500 pg/mL) were administered ad libitum daily with
drinking water to 4-week-old DBA/2 mice from 9 d before tumor inoculation. B7-P815
cells (5 x 10° cells/50 uL) were s.c. inoculated into the right groin of DBA/2 mice on d 0.
CAs were further administered ad libitum till d 21. Cyclophosphamide (CY) was
administered i.p. on d 7 as a positive control for tumor growth inhibition. (a) Tumor
sizes estimated once every 3 d are shown in mm?.  (b) Tumor weight (mg) estimated on
d 21. The values shown are the mean * standard deviation, n = 8. Significant
differences from control mice: *p < 0.05; **p < 0.01; ***p < 0.001.
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2. invitro I2 k1T 2 EE M BB FE 2 %t 325 CA, pCA D%

CA 5 X O pCA @ in vivo I8 1F 2 EE MR MG R D A I = X A Z KR
5 7=, B7-P815 @ in vitro |28 2 M6 x4 2 B R ER 2 5 L 7-.
B7-P815 |Z EE A HIj % D CA %:ﬁmu L,24 il o2 MTTIEIC X D HIE L 7=,

pCA T 100 pg/mL @ 2 £ & T B7-P815 @iﬁ'ﬁﬁ B A 5 % 7p o 7= (Figure 24).
—J7, 40 pg/mL DL EOREE D CA OIRIIC X 0 A1 HEFE O A B 72 1] ) 2 2338
L.

CDORERMMD, CAIZIXB7-P8IS (Cxf T 2 E#EM MR EEENH D0, MR
WAKFBRIGEREZ T ZEICL > TEHENREMMEIERNE LHHEIT D LN
A& E o T,
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Figure 24. Effect of caffeic acids on B7-P815 cell growth in vitro.

Direct effect of CAs on the growth of B7-P815 cells was examined in vitro. B7-P815
cells were stimulated with monomers (CA) or polymers (pCA) of CA (0-100 pg/mL);
triplicate samples were used. After 24 h, relative numbers of living cells were
estimated using the MTT assay. The vertical axis shows the percentage of living
B7-P815 cells, calculated as a ratio of the untreated cells (n = 3). The data shown are
representative of 3 independent experiments. Significant differences from untreated
cells (absorbance): *p < 0.05; **p < 0.01; ***p < 0.001.
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FHIET CA, pCA DR OFEEIZ L DMERICKT 5 EE

PCA TEZICH T HOEEFEEEZ RIS o2 D, BROKEIZX D pCAD
HRGEBBIERICOW TR T2 L. RECTIZEARI®% O CA DR MO
HRREISEVEICE 2 2 BIZ O\ T, MR T 5 IFN-y FEARE 72 & TNZ NK
FR i P 2 e A & L CREff L 7.

sl
=

ANY
s

1.CA, pCA DR OB HIZ X 2 MisAiat & T Mo Ah~o 5

HHIZ, CA 725N pCA O O 52 L D MMt o &2k, 250N T #
IR 2L —3 3 OB iz oW THNT L 7=,

CA B X U pCA % 500 pg/mL O T DIW IZIAME L, & E 7% % 0K % % , C3H/HeN
~ 7 AICHBEKAKOEAT 10 AMERKEODERSE 2. £~ 7 205 R %
S, MU AN =g L, AR EABEMEE T Y ML, 7z, CD3e
By P A0 AL, CD4 Bt T ML, CD8a BatE T Ml O FI A % FACS EfTIc L W EH L 7=,

2y bov— LK BRI R 1T D MR HE B KR KX 28.8 ( 13.2) x 10° cells/head, CA
B T 32.5 (£ 10.4) x 10° cells/head, pCA A TiZ 29.6 (x 9.1) x 10° cells/head TH ¥ ,
KRB CTHERZZTRD SN~ 7= (Figure 25A). £ 7=, £ T M0 % &1
DWT FACS TfEfT L7 & 2 A, ZITBO -7 (Figure 25B). £ 7= T #i iz
D95 H, CDARGMEMAN & CD8a B EMOEI A IOV TH ETRO Lo 7.
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Figure 25. T cell populations in splenocytes from mice administered CA and pCA.
Splenocytes were isolated from 6-week-old C3H/HeN mice administered CA or pCA in
drinking water (500 pug/mL) ad libitum for 10 d. (A) Total numbers of viable cells in
the splenocytes cultures were determined using trypan blue and a cell-counting kit. (B)
Fresh splenocytes from mice that had ingested (a, d) water, (b, ) CA, or (c, f) pCA were
pre-treated with Fc block and incubated with a mixture of anti-CD3e-APC,
anti-CD4-FITC, and anti-CD8a-PE, and T cell populations were estimated by FACS.
CD3e-positive cells in splenocytes were gated (a to c¢) and further analyzed for
CD4-positive and CD8a-positive cells (d to f). The data shown are representative of 3
independent experiments.
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2. CA, pCA O #5120 X 5 ML D % 4 kb A 2 A fE~ D 2

CA7ZbL NI pCA ZR OB I~ U A MIEMILZ PMA & ionomycin Tl
L, BEAEESNDIT A " OA v EEZRECHRHN L.

CA B X U pCA AR (500 pg/mL) % 10 H R E#E ek 08 Bl S & 7= C3H/HeN ~
oA DM A, A KD D VT PMA & jonomycin THIBE L, 48 BHif# (1
FEAE XU D IFN-y, TNF-a, IL-6, 72 & ONZ IL-17A O ¥R % ELISA I THIE L 7-.

o hr—/LK, CA, pCA &5 # O MIEMIIL, ABEHEAKBIMERIZIZY A
A PIFEEALEFELESN Do 7= (Figure 26). —J7, PMA & ionomycin T i
L7254, IFN-y FEAIZB W T, pCADEIUIZ XL Y IFNyy EARERR A EIC EH T 5
ZEPMEMNERoT, OV A NI TEH, RO EFERS RN, —
¥, CA®EHETIL, PMA & jonomycin flilc L v FE s sV A4 NI A VEAR
CHERZTIRBDON RN T

INDDOREREMNS, pCA OROTBRIZE » T~ v AMIEMARICI T 5 IFN-y 3E
AREAHM CTEDZENHLMNER - 2.
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Figure 26. Immunomodulating effect of caffeic acid polymers.

Splenocytes were isolated from 6-week-old C3H/HeN mice administered CA or pCA in
drinking water (500 pg/mL) ad libitum for 10 d. Cells (4 x 10° cells/mL) in 96-well
culture plates (250 uL/well) were treated with saline (control) or a combination of PMA
(20 ng/mL) and ionomycin (1 uM) (PMA/i). After 48 h, supernatants were collected to
measure the concentrations of cytokines using ELISA; (A) IFN-y, (B) TNF-a, (C) IL-6,
and (D) IL-17A. The values represent the mean % standard deviation, n = 9.
Significantly different from water-administered mice: *p < 0.05; n.s.: not significant.
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3.CA, pCA O A LT X5 NK M IE M~ 58

NK AL % < OISR 5T A LV AR E2 KBS D525, B
M mEc b 2 EE R A KEED —o L LTHELATWS Y, C3H/HeN =
7 A2 CA B L O pCA IBfiE#E (500 pg/mL)% 14 B [WE# e ke 0 £ B S 8, g A i
Z NK Mg e 2 —7 v Ml TH D YAC-1 L3tRi#% 3252 LT, MiEicE
5 NK R TS A E L7

J¥ e 40 B (2 or 4 x 10° cells/mL) & PKH-26 T MY fa L 7= YAC-1 Ml % (4 x
10* cells/mL) % JtHese L, 24 Wi, TP3 2N x CHEMEEZREG L, 7 u—H o
FARY—ICkDAEMBAR D OICIEME ORI 21T - 7. G EM T PKH-26
PEFR AR (YAC-1 fifE) oM oE AL LT TRLT.

g b — L KEERHEEERL, CARGH TIINKHREEOZEHITE S L
m o 7= (Figure 27). —J5, pCA HEHRECTIX NKMilaiEMERN EH L. £/, T
NOEETH NKMEOEESIZEZIZE D bV H - 72 (data not shown).

IHHDOREENSL, pCA OROEBIIC LY ~ v ZAMEMIEICB T 5 NK fgo
EMAAEZFEETCEL RPN T-.

75



20 - *

£
Q9 -
< 151 e l —e—water
> .
;_.: ——CA
g 10y I
3 --0--pCA
>
O
5 -
0 - '
100 50

E/T ratio

Figure 27. Enhancement of NK activity by polymerized caffeic acid.

Splenocytes were isolated from 7-week-old C3H/HeN mice administered CA or pCA in
drinking water (500 pg/mL) ad libitum for 14 d. PKH-26-labeled YAC-1 targets and
splenocytes as effecter cells were co-incubated in 24-well culture plates (1 mL/well) for
24 h (effector cell to target cell ratio = 100 : 1 or 50 : 1). Viability of the target cells
was assessed based on TP3 uptake by using FACS. Columns represent the specific
percentages of cell death. The data shown are representative of 3 independent
experiments. The values shown as mean * standard deviation, n = 3. Significantly
different from water-administered mice: *p < 0.05.
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FILHET CA, pCA O, Wildk X Okt

PCA DR N ERZICHLBEDOEELZ T T, HEKRD CAREEINTWS A
BEMICOWTHRETT 5720, AHiTIE CA RS NI pCA ORI, 43k X OH
IZoOWTIERLT-.

1. CA, pCA @ F& i~ O H it K 5F fh

CAlZa—tbt—ZELORAREMIIEENLTVNDZ LD, TOWINE LT
BHIZOWTHELLS TS TWwWb. Omar 5%, Sprague-Dawley 7 v K iZ CA % %
AEIRSES L, 1 KRBT FPICBITL, Z2O0BZBRFPICHEEERS
TEEBRELTWHS ™. CA DL WIC pCA O OERZICENZNHE P ICHEM S
NH>EEZERT A2, i@ &7~ DBA2 v RiZ=a bur—JLK, CA, pCA
EEXINETNLHAHKKOBATERI Y, BHZEFET IR 72/ —LVELY
Folin-Ciocalteu 75 ™ % v CHlE L 7=.

Bk & LT > b L7z CA(500 pg/mL) 72 5 NZ pCA (500 pg/mL) 28 Fh b
BARY 72 ) — LB, pCA L HE L TCANKSE.8MFL < RSz (Figure 28A).
—J, BPIZEENLHRAY 7=/ —/VEIT CA, pCAIKIcay b — L KGR
CHRTHBICHEM L (Figure28B). £7-, EhicH e n=xRY) 7=/ — L &
BB ORY 72— VETHRLCERERRET S &, PP & 1T CA &k
L CTpCA L 6.21%% < Frp 1o it &4 T 7z (Figure 28C). L E D fE R 5, pCA
XL CA LEER_RTWIN L R_RAANIENZ ERRENT.
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Figure 28. Measurement of excreted monomers and polymers of caffeic acid in feces.
Total phenolic content in (A) drinking water containing CA monomers (CA) or polymers
(pCA) and (B) extracts of feces collected from water-, CA- or pCA-administered DBA/2
mice was determined using Folin-Ciocalteu method and is shown in gallic-acid
equivalents; (C) the excretion index calculated as the phenolic content in feces/drinking
water. The values represent mean * standard deviation, n = 6. Significant difference
(B) between CA or pCA and water or (C) between CA and pCA: *p < 0.05; **p < 0.01;
***p < 0.001. N.D.: not detected.
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2. pCA O A HEG%IZHIT D CA ~D 53 i Al

BOFKES LIZpCADNCAET THMENTZHBICERNICEIREATHDENE D,
JRPICHEH S D CAHEEZRM T 5 2 & TR L 7-.

CA B LU pCA % 500 pg/mL DOJEE T DIW ([ZEM L, mERKEE%K, e s
H7-DBAR v~V AICHHBEMAKOEAN T2 AMEHFROFBRIEZ. S~ T AN0D
JREZEFREIL, RHPICHFAET D CAEEREZ LC/IMS # W THRE L7-.

CA BE¥ERIX, A1V varhbfy 175 pHICE—27 L THREBEINE
(Figure 29A). Z O — 27X CAEERTCEBO NN, 2 ba— k&5
BLOpCABRERDR P ITHBE SN2 h - 7= (Figure 29B-C). 7=, 7
NA Y27 varhb 1715 5%0 CAEREME LTI CAREHORPICIE, Z
nNeEnA 4 b L7 CAZRT MZITI9DAXRY b, TOTuXy hA 4T
H 5D mlz 135 DAY RV FERR S vi- (Figure 29E and F).

IHHDORERNS, pCAITIEN THER CAIZHME I D ATREMIZE W Z & 2R
R gV
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Figure 29. Detection of urinary excreted monomeric caffeic acid.

LC/MS chromatograms showing the peaks from m/z 179.0345 (179.035) in (A) standard
CA solution or wurine samples obtained from (B) water-, (C) CA-, or (D)
pCA-administered DBA/2 mice. Molecular ion [M-H] peaks detected at approximately
17.5 min at m/z 179.03 were identified as monomeric CA. lon-fragmentation patterns
of these peaks from (E) standard CA solution and (F) urine from CA-administered mice
are displayed and represent the corresponding mass numbers of CA (precursor ion by MS
spectra: 179; product ion by MS spectra: 135).
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HoE E

Bl

AKETIL,EPP IR AFRLEICI - THE~ Y ZICB T 2BEEOEMAZIMEI T 5
ZEERLZ. 51T pCA ORFIMIETEMEIZOWTHEF L, ~ 7 X Mg IZE
% IFN-y PEAREZ D NS NK MilaiE 2 ER &85 2 & 2500 L 72, e o iR
Ja B X O THIM, NKHIOFRE 2L —32 3 VICEERRBO NP2 &
5, pCA XV NEROBEREICKH L TEEZRFTLLEEZLND. £z, pCA I
PFBILEELZRB O N2 D, REREDROA 2T, FUERIIER S R
I EPP DB 2B RE D —D L F X 5.

ZEMRBRIZCBWTHEER CA IV ALERXRTHEICKH L TIHWRN S & 2R FEME
EaRLEY, BEATHZ LIk ZOERFEMHITED L. pCA I S9 Mix T
L7=% A O H B-galactosidase 1G22 LA S E 7228, BOEER L7 pCA OR
WRHFITHEERCALDV BENWI LR RINTWNDHED, CAICERTHFETOR
MIEZTICWEFAD. - T, pCA DRk AR R4 RIFIEIE CA O A48
BICHSNTRIEIZETT2b0EEZ6N5.

THRICI TS CD28 ¥ 7 T VT EE OPEbRICEE e && 42 K72 L, EEMRIC
BT D BT %, MEGREORKERETSZ ZEAMmbRTWDS M) K3
TIL pCA DR OFEEIZI VEED IFN-y EEAREZR L NS NK MilgisthE & S - 7= %
B AT LAk BRI, SHICHE~Y T RIZBIT D B7-P815 i Al u iE o AT &
MHlT 22N TET. pCAITCALELT, ER~OHMENREL-T2Z &2
5, BEICBITS GALT L o#EMICI Y AMEKEZIEHLIEL Z L T2HHEOR
BELAT A LR SE, FUEGHREFE L REELIEZEZOND. £72, P815
KD BT OFBIT T MIISEEOFIEBREZHmSED 2L M, U=k
RY 72— IFN-y EEAZFEL, T HMRziEHE{ELTE 52015 %2, pCA
ORI L 2 PSR 1T NK RO &7 59, THIZ X > TH R E
SNTWEHEERD D, S B, KEIZEIT H2ME TIiL pCA DA EMHEH L1,
IFN-y FEAEFFE R IIM D EPP ICEB W THRRKICHBO LN TNDL T &b, ZRLEN
D EPP b RIKICKRABEEICI > TE2FHEOREV AT LAOEMLEFECTCX S L
Exzbd. —J, CAIIEEORE VAT LMIBHEREEEL H X -720, in
vivo 72 5 ONZ invitro IZB W CHEEM g O MG R A2 R Lz, RO&EEITEBW
THER CAIRMPBITHEEZ R LEZZES, HE~ Y AICBT ESEMIEE CA
DFEMMAAE T TV EEEITFICE XL LS. CAN B7-P8L5 IZX L CHEHE DM
famtEaz R L2l &b, 2 e b HoRIcIE, EEEMEIC XD ESOMmE %)
ENFEINTZLEZLND. &EHIZ,pCA LT CADOHBRILIEENE WD &,
M Z2%4T L CHEBMREE B cx 5 gEMENS, CADEILEICKET 5 PiE
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EHRLFEAEICES L TWEZERNEZLND B &5, FLE#EZ o< b
777 4 — Dk, pCA TITITH &K CA BNEALEET, & 52 LC/IMS OfEFE pCA
ROREHDO~ T ARPICCARRBEIN2holoZ &2 6, pCA M CA £ THfif
SR ATREMEITAR V. > T, CA & pCANRTHIEE D RITR AL -T2 A D =X A
ko TERENFEINLTWND EE XD (Figure 30).

Apoptosis ? CA Cellular immunity ?
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Figure 30. Hypothesized mechanisms of antitumor effect of orally administered
caffeic acids.

Bernardshaw 72 & ONZ Iwabuchi 1%, & RIPIE M2 A 3 5 HEEME R MY, G IE
DIEIRLED RN H D Z L2 ME LTS U0 KIFFFRICB W T, pCA ofkA
PGt O PIgIZ BT 5 IL-6, TNF-a, 7& 56 NZ IL-17A OFEARE I EFEm 2 R L
. ThoDH A ATV TRbEEEICBWTEERERH Z-T 200
W ) = VEIT RS R O B le O, YL RE b E S Tn B ]
BB 23 .

HEK CA OEWIEHEMRITE L M HITbILTWAHZ®, BITE TILEk ~ 72 FL P %)
FlZOVWTHBH S TWS B0 —F, EALKL CADEMFERICO>VNTIE, RE
FHBRENZNED, %I ORIMFAPMLETH L. AFEIZLD, pCA O
ROBEGICLD20EMIENRO —SmE R 2 ERHEKL., BHER, EAHAEEIC

CHRRAEMIEEEF L WD), AIABENICE B FIEEZERIRT 5
ZET, HEMFICAEHTHELEEZLND.
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w15

U7 =TI RARE SR 7=/ =10 1 ETHY, 2L OEBERNICE
FNTWVWD. &5z, 7=/ — VKD %ﬂ:/\%;’cd“)?:r_/—ﬂ/z“ﬂ?/& +
BIORIXNAAX X —BORBELZ T TCHEZICEAT LD, AxITRFEIC
HEMICED TR 72/ —VEERLTWDEE25. 1KY %571/—w@
ICEWDORTIHEHEDROBHITELWERZEZT WL, ;o ftRY) 7=/ —
NEOEYIEEITIRIEARAALR D ZHFZINTWD. a7 748/ 4 REIZE
W72 CICHERKBREDAFEEERICHT 220K, V7= EHIBWTHRY
ANVABEIREDIERDBPELNE SN TWVWDEN, GEZR~OEEIZONTIFITELE
N EFRIT S LT Wi o T2, RBFIETIX, E%??E/\Lt)ﬁ VHEE TR T
= /) —NVHEOREREERA D =X LOMBF L CICHEREERMNE L T
FAiEORREEZ B L, EPP ZH W Tinvitro B X Winvivo I8 IT 2 Bat 2170, LA
ToOMAERFTT.

BT, 7x=7 a4 KEE HRP Z T 3 FHD EPP #{EHRI L,
~ U AR BT D REIREEERFIL, LTOREHLNE L.

(1) Precursor ¢ LCHEALAEZ3MEO 7 2= T 0o ) 4 FEITIVWTIRLE~ D A
I i 0 e L2k L C A RIS S R AR &9, 4y & 50,000 Da ML RICEEEEREA L
EPP T A~ v A MU i D A TR E, A N U A VEAFEEHLRD b1
LHZEEHLMNE L.

(2Q)EPPIC L B~ U AMIEMIIZI T DA NI A EAFEIL, T MO RE
I ZITTWDEZEEZHLMNTLT.

(3) EPP I kB~ U AMIEMIICIH T D0 A MU A U EATEIL, CD4 75 FIC

S TEHAMICHBE S TWD Z L, S HIZ EPP 2 CD4 ~DfEE ﬁ%%%?ié\_kﬁ>
BHEMMNE 7o T,

BT, e EBRICHERET A AMERE AW T, EPP IC X B R IEEME I
BUIAFHEMEA T =XLIZHOWNT, invitro I THRI L, L TOSZH5NE L.

(1) EPPIZ~ 7 R A 2> BB L 72 CDA B2 & OV CD8 [ T A I %) L,
BT A N IA CVEAFTENDREZ RIS RNV EEH LT L.

(2) EPP I~ 7 A MR D 2 72 & 7, MERENFEIEMII b IE Mk &8, £1C TNF-a
PEAZBNICHFEETHZ LR LN LRSI,

(3) EPP IR REME TH IR 72 & TN B O K4 L 7= SCID ~ v A H 3k I8 i Al i % %
AL EE, A N IA LV OELAFEEZR DI,
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MWDEPPIZEVFEEINLG~Y Y AMBMROY A NI A VEAREN, v 70T 7 —
VHELNICERMRAEZRET S22 E TRIBIZHADT 22 LR@BDOLN, v U
A BMDC # BE#{EMHL X, TNF-a FEAZHEE L & D, EPP N HRGIEIR
ML ER ZH >t 2o E L.

(B5) EPPIZ X 2 IFN-y FEAN THiR E iR RMRICEVHEH NG Z L, v T R
JU N AR AR L2 F5 1 D EPP @ IFN-y PEAEFFEBEMIC IL-12 2813 & A EREZ H 2 T\
WZEBRHLENE RS T

(6) EPP O A M A VEAEFEEIEM, &V DT IFN-y 72 5 NI GM-CSF D £
HIZEWT, {EMAE L2 Pi R R A & T M0 oo 0 e [ 4% foh 28 B e A B & B 72
LTWbZEZzHLMNE L.

WEEm T, EPP A~ R TR O#HEE L, EPP OHERIENRICHOWVWTHE~
A C O FE IS EEFE AN S R 2 S NS MBI IZ B0 DS NK M iaiE M 2 FEEE & L C in
VIVO ICTHRETL, ATORZHLMNE L.

(1) pCA OME ICx T2 LRI ZEECTH D Z L 2B Lz, £72HBHKE
RIZEDAVTRA~OROBHICENT, ZOERBIIHEERCABIY®a Y e —
NWAKERZFETHY, SHICEGAHICBITL2EERAERNITRD 5T, pCA &
CALLBRLTEETHDLIEEHLNE LT,

(2)CA 7725 NZ pCA DR OEELGIZX Y, HyE~ v AT 5 B7-P815 JE i Al i JiF
DWW A2 IME TXH 2P oHnE Lz, —F, CAIZBWTHRD LA in vitro
(ZHT D EER e EE A E I E X, EALIC KV EAT D L aMEERL
7.

(3) pCA OB NFEHIZK Y, ~ T AMIEMIIZIIT D IFN-y FEAFERE 2 5 NI
NK fiflaiG 2 mcx 2 2 2ot Lz, S22 0/EHIZCA TIEHRD LN
T, BAERICEILDTHREINIEMEETHDL L ER L.

(4) AL LZpCAIZCALERTHEP~OPMEREG, T KA S 7 pCA
BTG~ ZDORPICHER CABRKREIR 2N 2P bnE L.

ERROEBY, ARFICLoTIV V=V HOAFT 2 REMIEIEHEICOVWT, X
D BRI SN, ZRET, ZL0RSTET =) —AHEILEDORIER
FIERICOWTHENREIT L TCEERN, B0 FHR) 72/ —ARRERICEZD
W SO W TCEEAICMAT L7=flZd 2w, B2 ORY 72 ) —LVENRAXICEH
WIRIBEMEZ R T 20D, HRax IRy TET = 2 — V(LA W A HERF O
DI TWDER, HAKREOBEFEICLLI2BEET Iy FEOEIICITEE
MULETHDL. CAIXTEAE, i /EH, MHBITE, MEME~OEH, %&
MIEIERHICB T 28 EBARELS BT HIZEND, By TEILAD ORI DT,
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TORmBPFERICOVTHERTZTOMETFTICHLEEXOND. V=05
X, MREERHEZTRTZLL OB FRY 72/ — VELIIELRZAEMEMEZ2RT
7, FHE~OWEY) 22 E SRR 5 IS A O HIIZE b 7o BRe k& bl 5%
WRBEETHDL. AMEICHWVE 7= 7)) 4 REOEASKIE, WId
) 7 0 FERRIE AL & 7R Lo #1280 T b IFN-y BEAERE 7R B ONC NK AL
EAED ERNBO BN LD, QERIEEEZ FOBEERLL LTELY
AF 4=y a VICRATE B ARMEA RS, ARELRITEF L A%
ERTAZLICkY, VU E OB RS & LT ORI E 2 R L
HEREME R S TS 2 K 0 R S 5 & JEIT, A& O REREH @y 0 AE BT BT B o
ENFRTHLEZEATND.

WROWMBET, V= HOZREKD—>L LT CDA BRFEI N, IR
EEMEICR TS CDA DFHETH ETHLEIM TH 5. HURERMIE D&M
WEIR T FANEDIIRAN=ZALATHFEINLTWDLH, BELIIIHFED
SREENLEV T T ARBEINTWDLZERNTRINDID, FFMRSTAD
= ALDRABEHDORERFEO—D L LTEINL. LML, ARFICLDY
U7 = BN ARGEESRCREEZ AT 222N LT, S%OAD
S AL R T D EBEES LR TE .

AHFFEIZBWTH LN E o7 EPP O EMIEIEMRIL, BT oY 7= 3R
ANx DFREKREOMEF - HEICHFOIZHFS LWL AEEEZTREBLTNS. o
NOEZEFEICFOLRMOBEMOZ2EBEN, NxO%Em b - YBhE - 5y
WL ORNDEZ L EWRTS.
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