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7 7 F VAREMRICHD o T B RIERISE RIS 2 C & T FEE OREAICN 3 5 B RS & S
THBERLTH DL, BEFHIN T Z7F v e LT, A7 27F Vv ERELT7 7F v REL
OBFHEL T2, E7 7 F id, FEEERRD 25 LARKAITS 30, BARREICTIRE
THRIELZ G TZ 205, FEL I NTIREERPMEN THIET 5720, BISIGD U X7 D3En 2 & H3fH
el s, ALY 7 F IBREMREEZ R LEBAITH 3 20 RN E D, V7 F v oML E
BT 272D I RERIEER O H 272 2 v + OB UEE 7 5,

RO THERAINAEZT Y2y PCTAI =y ZERMONT WS, T 1= v LHEIT 1932 4F
P 7TITbEVART 2 F VIERHEIN TS, ThETEL DT 7 F VIHEHEINT VB[, 2],
=/ Ty TY a2V EBIRE R T A A = XL EA AR T RN R Y 2 F VFES R TE Y . R
LB BE L INTE 2, BIETIE. T2 O0EERL_INICE S L TORIEN T 7a —FIC
X0, TV PR ERTZOOFHMR AN =X LBRLZICHL P L5 TE 2, BT, THIE
© B Tk T 2 EGREOFEICIT, v~ 27y — VLB E Bk L 35 BRED IR

LA TH 5 T EBHL I I NT W 5[2, 3] BITENFSEELRE T d B L Y E 23 DC D ¥ X —

1

VIREZBARD 12TH 5 toll-like receptor (TLR) ##if& L727aT=A +TH %, TLRTT=Z b I

oy

Thl HfE D FHE L HHAMAL (dendritic cell; DC) @ 7 v X FL ¥ v 5 — 3 a YREDHENNIC X b Ml EME
T HHE (cytotoxic T lymphocyte; CTL) % #5E 9 % [4-6], X 5T, T-helper (Th) 2 #if@#iFE 32 L T
a2 mPitkzFHELCTwd, L2Ll, b TLR OV Y FIdAREYHKEOMESIZEA L THY
TYany b LTERLZZ S 2 ORIESCHFIC X 2RISR E 7 > T b, &5 TH TLR3
DT T=R }TH % polyinosinic-polycytidylic acid (poly(1:C) ) IZEFARAERIC BT, RIERIGIC X 5, F
B KB, BRI DIV F R VY gy 2EREE Y, EALICECEL AL o2 [T
8, ¥bIC, FDORIGHEZ LV =A AL FADDICLZTLR 7 ==X F 2SBF X 1. % DK AER
ATODEH, RIGHE AN FIC LR BT m ). BIRICHICIEE T [8l, %
DIzD TLRZIEN & L72T ¥ a v Tl HobDEENE LT Ya vy FaRkD 5T

%,



Th#ifZIC WL 2D+ 7y PBIFEEL CTH Y, K& Thififg, Th2 g, Thi7 fifds X O
regulatory T cell (Treg) IC I LT\ %, Thlfiidis interferon (IFN)-y < IL-2 Z 4 L, CTLFHEIC
BEG- L C\23[9,10], Th2 MfEIZ IL-4 0 IL-5 7 & & EEA L, $URELAMIEOFHEICE D - Tw 3[11],
Thi7 flfE L IL-17A ZEAE T 2 © & TR Z i Bl 2 R e dic, CTLOFFERICHEET 5
TEPMEINT WD [12-14], —H. Treg 3 AEKROEF MM CREERICEG L T3, 775
ViR EDORIERISDIMEIL TWwWB Z R LN T3 [15,16], T7hb b ThillzoBEE %l 2
LT X o TRERS B AMIEOHER AR AN E T2 7 2 F v OoshRETE 2 EZ LN D, EIE
G, T¥anv b LTRMEHAINTHE 7A=Y 283 T2 Mg 358 % C & ohifkEd %
fREL T3 2 e SbNTWB[17, 18],

ZIZTARTIE, TL(R7IT=RAPTREAWT Y 2y b THY, Thlllas 7 & v b OBEE % SR
ICHHICTE 272 2Ny FORPA N =X L DR %Z R ATz, £7-. ThiIflilge Th2 #MilgDEE % N
LEEROT V2 Ny F EidE7 D, Treg *° Thi7Mifd7s & Th#iia s 7+ v + OBRE % FEIRIICH
HcEzrhETirnwTYay MEHPEEZR WS LT, 72F vihR%Em LT 2085 L
7o



H—F CCR4FMEAIZR7- Treg DHEEREICX 37 7 F VEHRHEH

TV aNy DR

Treg X REMHHERA 28 b, HCEACHEHFEEOHF ICE W TKEIZ R L T 5[15, 16], L2 L.
Treg ZAEM R ACHT 2 GIERIGR. 7 7 F VG0 X 2 EOHEE 2 MHIT2 2 LMo N
TW5[19], EBIT, Treg 2BRET 2 2 & THMAED L AT T 2 I 2 e RIGe 7 7 F v #51C
X B EMIGAE ET 2 2 LRSI 5T 5]20, 21], Treg 137 €5 4 v ZBK CCRA H3EINMY
ICHELTHY, 2OV H Y F& LT CCLIT XU CCL22 28AI b N T 3[22, 23], % LT, Treg 1&
CCL17 ¥ CCL22 %4 L C DC DJild~&ilitE L. DC DEECLIEMALZIFEIL T b 2 e BlREI
TV 524, 25], fthicd Treg I3k 4 e JERICZINHITE 2 720, RIERECT 7 F VRRICE W T,
GIERIGE ST 27200 RVIERE k3 L EZLNTWV S,

WTEDIFETIE, CCRAMAERZ T 7 F v TP a vy b LTGS2 2 & T, Treg DERZINHIL .
T S o MR S DR E A MG T 5 & L AR S 72 [26-28], £ DT-® . Treg OEMAINGIFT % 7=
DIC CCR4 ZIFIE 52 L1137 7 F v e LTHURFF RN 2 RZICE 2 HE T 5 70 DR 7277k
THHEEZOLNS, LA L, CCRA (X Treg UUMNCH, 727 F vic X 3 0ERIGICEE 2 Th2 fifidic
QHRETZEBHMONTW3[22, 23], £72. Treg 13 H O GERBDOFRIEDIHNIC OS5 L T3 7=
. Treg OHEREZINGIT 2 2 L i X 2 EISICOFEH R E TN S[15, 16], L 728> T, CCR4 ZIE
ELEHHT 2 F v TV a Ny FOBRICELTCE, EBRCHEKEICTE 20 TH L 20HWT 27
DI, iz A A = XL ORBHPEE L 8%, Z I TRETIE, 775 VIC X3 HURRFRN FEICE
DFHEICE TS CCRADFHGICOWTHETT 2 & & bic, CCRAFEHRZ2 77 F v 7Y a v e LT
BhT2zlickh, AERATED LI B AN AL THRIFALZRLTHZID2HLICT S L

ZHWE L7,



. EBITE

1. HERERR

E.G7-OVA #lli@ (EL4 #ilg® OVACDNA F 7 ¥ 27 = 7 &2 }) iZ. American Type Culture Collection
(ATCC; Manassas, VA) 2> b A L. 10% FBS (Sigma-Aldrich Inc.). 50 uM 2-Mercaptoethanol (2-Me)
(gibco). I X UF 800 pug /ml G418 &FH RPMIL640 B5Hth (Wako) CHiZEE L 7z, 7ed. FBS 1% 56°C. 30 77 Mt

D IEE LA % 1T - 7=,

2. EBEWY

C57BL/6 ¥V A3 L U'BALB/c vV Ak, HARZ L T7HRAEH L WAL 2, CCR4A R~ X iZ,
Jackson Laboratory & W A L. 12 R Eich7z > TBALB/c 7 R LR LKA L 7=, FEEREIICIZ
B R B X OUKEK 2 B X &, £ 24°C T 12 RS O ARG 9 4 7 VIR EE & 7z SPRERER F o=
THIE L7, b, BEBRICE L ISl 2 n s K r B EBRZ A L, Kl xk Bz

Z TR A RERENYIBUE 1T D W TT - 72,

3. H&5FEY

=7 F VI 7 A7 3 v OVA (ovalbumin; Sigma-Aldrich Inc., St. Louis, MO) % & 7 AHUJR & L TR L
72o BALB/c 35 X U CCR4 K~ 7 Z1C OVA (1 pg) % 7z 1% OVA (1 pg) 3 X U Compound 22 (0.2 pg) %
FIRINICH 5 L 7z, Compound 22 (3 23FH7 & D& [29] % F ST KA IR AR r FiX A =

D PR e A i B KR L 72,

4. PUAAihHEIE

FREL 7z~ A0 HIEZ AL . OVAFREED IgG. 1gGl. ¥ X U IgG2a Jififi% . enzyme-linked
immunosorbent assay (ELISA) 75 CHIE L7z, £ 3. OVA A % ELISA plate I 431 L, 4°CC— &
L CEME L 72, 4% A% 2 3L 27 [TBS (0.05 % NaN3 % & 17) % 200 pl/well THSM L, 37°CT 2 K 7
oy F L7, 04%AF L IV [TBS THNFAEE L 720K % 50 ul/iwell THAN L, =0T 2 RefHlE
& L7z, TBS-T (0.1% Tween 20 & TBS) T 3 [HlpEiie. MHPIfA L L T HRP £ Goat Anti-mouse

IgG. 19Gl. & %\ % 19G2a Fifk % % 50 pliwell THM L 7z, mBEIUERIE A — A7 —HELEREE CHERA L,



0.4%AF L I V7 [TBS(NaN3 # & 72 ) THR L 72, HIR T 2 RFHEHE L 7214, TBS-T T 3 By
L. MilliQ T 1[I, HRP FEW % 100 ul/well THRM L 72, Fhtk, 2N H2S04 % 100 pl/iwell TS
MU CRIEZEIEEE, 450-620 nmICE T 2 EEZ~A4 7 7L —F ) =X —CHlIE L 7=, Pk

. WOEREDS 0.1 LA BRI RA IR R 0 Wik D 044 % Reciprocal log?2 titer & L CTHIH L 72,

5. AR HEE

AR Z i L. 1.0 mg/ml = 7 73— D (Roche; Basel, Switzerland). 0.8 U/ml Dispase 11 (Roche) .

¥ £ 17 0.1 mg/ml DNase | (Thermo Fisher Scientific, Waltham, MA) &7 RPMI-1640 {57 © 37°C. 1 FFER
LIOLEBOAVvFa—Lt, 2ok, REMIEESEET 272010, Percoll &)l 0ot & I L 72,
40% Percoll & 70% Percoll D W& 7> o fufEfifid 2 o0t L 7z, U v -3 Hiid X Oiie 2 & offifidid. 70

pm Cell Strainer Z BB X & 5 Z L IC X Y HEEL 72,

6. Zu—H%AFAFY—

HAHE L 72 Mf@ % 10% FBS (Sigma-Aldrich Inc.) . 2-Me (gibco) . L-Glutamin (gibco). HTA¥E (gibco) & &
" NEAA (gibco) & RPMI1640 (complete medium) Ci& L. 1.0 X 106 cells/1 ml/well G 24 well plate i<
f&HE L 72, PMA % 40 ng/well. lonomycin (Wako) % 1 pg/well, GolgiPlug (BD Biosciences) % 1 pl/well T
AU, 37°C T4HFREEE L/, Kk, iz 15moTy Xy Fa—7IcmUl L, @05l 72
(2000 rpm., 547fEl. 4°C), EiE#FREL. Mild~1L v % 100 pl @ 0.1% BSA (bovine serum albumin;
Sigma-Aldrich Inc.). 0.05% NaN3 % & 1 PBS (staining buffer) TH##& L 7z, % Z < staining buffer T 10 £
ZB L 7= anti-mouse CD16/32 (clone; 2.4G2) (BioLegend) % 10 pl/tube #sh L. 4°C T 30 43 [HEHE L 72,

Zz ote., Ml REIUAZINZ ., 4°C T 30 Zr[ElifHE L 722, staining buffer TPEH L 7z, % D&,
CytofixCytoperm (BD Biosciences) % 250 pl/tube THll 2 CTHlliE % & L. 4°C T 20 23 [EifE L 7=,
Permwash buffer (BD Biosciences) T#Eift L 7z#21C., #HAd%Z 100 ul © Permwash buffer TH&E L 7z, Z 4LiC
AT G TR % il 2 4°C © 30 rfilifE 3% © & ¢, MilEN~—Hh —% §t L 72, Permwash buffer T
P L 72212, 500 pl @ staining buffer Tllldz & L. 7o —3 4 F X P Y —fi#ricft L7z, 7Z&db,
7a—%A4 b ALY —fEFTETIC, HASEEE % 40 um Cell Strainer IS L 7z, ¥ 7z, P13 4T staining

buffer TR L 7=,



A L 7=l d b g ik

AlexaFluor488 15 anti-mouse CD4 (clone GK1.5). PerCP/cy5.5 15i3#% anti-mouse CD45 (clone 30-FF11), PE
5 anti-mouse CCR4 (clone 2G12). PE 53 anti-mouse CD11c (clone N418). APC E:# anti-mouse IA/IE
(clone M5/114.15.2). BV421 25 anti-mouse CD40 (clone 3/23). APC/cy7 1 anti-mouse CD86 (clone GL-
1). PE/cy7 BEE#% anti-mouse CCRY7 (clone G043H7). APC/cy7 fa:# anti-mouse CD4 (clone GK1.5)F% L Of
PE/cy7 £ anti-mouse CD8a (clone 53-6.7) | BioLegend X Y A L 72,

T L 7= Al A e ik

APC 1553% anti-mouse IFN-y (clone XMG1.2), AlexaFluor488 f&:# anti-mouse I1L-4 (clone 11B11) & X O

AlexaFluor647 f2£5#% anti-mouse Foxp3 (clone 150D) (% BioLegend X Y BEA L 7=,

7. Real-time PCR
AR 2> © D mRNA fliH 1213 RNAiso Plus (Takara Bio Inc., Shiga, Japan) Z £ L 7z, &8 1 ug ®

RNA template % ReverTra Ace gPCR RT Master Mix (TOYOBO CO., LTD., Osaka, Japan) C##fz5 L cDNA
%372, Kapa SYBR Fast gPCR ¥ v I (Kapa Biosystems. Woburn, MA) % {#f L <. ABI7000
(Applied Biosystems, Foster City, CA) TH#HT % 1T > 7z, PCR % 94°C 547 (Initial denaturation) D%, 40
H A4 7 A 94°C 30 (denaturation), 60 °C 30 > (annealing, extension) @ MIGE/FCiTo 72, AL 72

T4~ —3Tablel DB Y TH 5,

Table 1. Primers used in this study.

Target MRNA  Forward primer Reverse primer

CCL17 TGAGGTCACTTCAGATGCTGC ACCAATCTGATGGCCTTCTTC
CCL22 TCTGATGCAGGTCCCTATGGT TTATGGAGTAGCTTCTTCAC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

ZNZND mRNA FELIT 2-2¢t i % Fv» T GAPDH mRNA THE#(L L EE L 72,



8. SR

IRY v T & @R L. 1% PFA & PBS T—HE[EE L, 20% R 7 v — X &4 PBS Totifr L. OCT
compound (Sakura Finetek Japan, Tokyo. Japan) i3 L, #ifE L7z, UIR %YL, PBS THIKFIL .,
2% BSA. 1% donkey IliE&H D PBS T7 1 v 7 L7z, XiZ, YK % rabbit anti-CCL22 (Peprotech,

Rocky Hill, NJ) & & $iC 4°C CT—if v F 2 x—}+ L7z, #iFtk. YUH % Alexa Fluor 555 23 donkey
anti-rabbit 1gG (Thermo Fisher Scientific) T 1 IKfff] 4 v ¥ = ~— } L, FITC £ anti-CD11b (M1 / 70;
BioLegend) ¥ & U APC #5% anti-CD11c (N418 ; BioLegend) T—Mi 4 v ¥ =2 _X—F L 7=, Z D%, DAPI
(Dojindo, Kumamoto, Japan) Z #i L 1 R4 v ¥ 2 _— } L7z, ®wf2iC. YA % ProLong Gold Antifade
Reagent (Thermo Fisher Scientific) T<w v F L, A2 b3S L —F —EFBEMEE (Clsi; Nikon)

VCEEE*\ [/7,:'_'_0

9. OVAREW T MRCE

BBt L 72 Hfd % complete medium TR L. 1.0x10° cells/well T 24 well plate I f&fE L 72, OVA RrE 1y
CTLIGE % fRHT 3 % 72912 OVA peptide (1 ug/ml) T1HEFE Lz, X 51T, OVARFEM~L =Tl
NEIGE & AT % 7-91C OVA (I mg/ml) T2 HIEE L 7=, ¥&%, #nFnEIL, 7a—+% 4 F X b

— TR 21T - 72,

10. [EEMIEOREFES X CEERDHIE H &
BA&E D 1R IC E.GT-OVA MIfE % 1.0x10° cells/50 uL TR NICEE L 72, RHWICEEOER S
JOEEZHNY . EEMOEEAR (EExEE2x0.5236) I Tz L 72, hb. EEREN

20mm B2 T~ U AT RIL X 277,

11. #eatuLe
BFo - EBE IR, FEEEHERE R L 72, MEMEELEOHE T, 2 B 054 1 Student-t 15
Ex A, B OBE I BT % 1T - 7214, Tukey-Kramer %12 X Y #iE L 7z, P<0.05, P<0.01

THEEZEDL L LT,
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I1. SEERRE R

1. CCR4RIE~=Y RT3 HREEN PR OFEE L X U Treg DERE

77T v ORGREEIIFELTH Y, ZNENREORKICE IR T L BAOLNT NS, %
LT, ZNEFNOHEGRIKIC I T 3 GEHEEREIC BT, Treg D HEIIHIIC BT 3 CCRA DE 51X
EARHTH S, ZD7®, CCRAXKIE~Y REHWT, fkA Ltk chiifkbG 2175 2 & T, Yok
LRI B\ Tl b il < PURFRR I 2 PUAME O FFE 1S ZD SN 2 D MET 21T o7, X 5T, Treg D
LRI S RIEFEDETH 2 Y v HiTITbNE DA, b L REGEITH 2 MlilkciThh 3D
DT L 72,

OVA DKM, KT, #&s X OHANKS % 28/ T HiTw, Ri&kS5 o 2 8% I OVA Fi R
[ 72 BT % fEHT L 72. OVAFFEM 19G. 1gGl 5 L U 1gG2a \ i BT CCRA R~ 7 XD
W51 B W CHUEAT D LR 23S 57 (Fig. 1A),

PuAfio ER2RD bz HANEG I BT, JURE G T H 2 R & O PURFE R
RIEFEBOETHLTE ) v HiiCE T 5 Treg DEIGEMRIT LIz 25, U v HiTRE(LAR LN
o072 DD, CCRARIE= Y 2D AMEIC BT OVA Di%5. 6 FE[E# D Treg @ EREINHI 332 0

b7z (Fig. 1B). F 7z, MAFHARICER L7 Treg 2° CCRAZFHIBL T3 Z L Hi» bz (Fig. 1C),

A Intradermal Subcutaneous Intranasal Intramuscular B
route route route route
IgG - 1 Muscle tissue 10 Regional lymph node
17 15 17 17 - wr - wr
L g - -
£= 15 15 15 £ 08 —k- CCR4KO g 8 -k~ CCR4KO
G % 13 - “
2= 13 13 13 & 06 S
g § 11 + : :
2§ s ° g ° 2
& ’ ’ 5 5
7 7 7 7 = 02 w2
lgG1 0 ; 0 ;
19 19 17 17 *x 0 5 10 5 0 5 10 5
§3 17 17 15 15 Hours after OVA administration Hours after OVA administration
e
53 15 15 13 13
<3 ° 13
<3 1 1
gz M 1 C
Ei 9 9 9 9
7 7 7 7 o @
s 267% Isotype control
lgG2a - O ccra
6 3 19 14
e T D
38 17 12 Q w0
== X — >
AN 4 4 15 10 o
g8 8 w
2 = 13 P ~
£33 N % g |
Qs 2 2 " 4 * 1o i '::,»‘ 3
3 s | g . i
0 0 7 0 0 0 'C‘ 0 10 10 il 10
& & & &
& e & e & - CCR4
¥ Q¥ o Py
& & & &
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Fig. 1 The impact of CCR4-deficiency on Treg cell recruitment to the muscle tissue.

BALB/c WT or CCR4-deficient mice were immunized intramuscularly with OVA twice at one-week intervals. (A)
OVA-specific IgG responses. OVA-specific 1gG, 1gG1, and 1gG2a titers were measured by ELISA. (B) Treg cells
in the muscle tissue and the regional lymph node. Foxp3*CD4* Treg cells were analyzed by flow cytometry. (C)
CCR4 expression on Foxp3*CD4* Treg cells in the muscle tissue. CCR4 expression was analyzed by flow
cytometry. The data are expressed as mean * SE of results from six mice. **p < 0.01.

2. FiPRHERIC B B CCRA ) v N FIRMIRE D fEdT

CCR4AD Y # v Fii CCLL7 & CCL22 TH %, # I T, MIRZMANIKSG L =54 O i A 3

% CCL17 & CCL22 D ¥I % fifthiT L 7=, Real-time PCR iC X b iAML#kIC 317 5 CCRA U 7 F O

T L7=& & A, CCLIT DRBUIZAAR b Nind - 7245, OVA#45 6 Riflifkic 51T CCL22 D ¥
HEF2RED b7z (Fig. 2A), % T, MAMICE T 5 CCL22 D HKIIMIIE D T % ik a 7=, CCL22

REMAEE LTDCE LR~ v 7 7 =V DEFEERM LN TV S[30], %I T, OVA#L 6 Kiffltkics
72 DCHELU~27u77—YDCCL22 DFIZ RIEREICTHTL-L 25, CDIlb TRDLI NS
~7n77—YH CCLR 2 FBLTwB L@ o bz, 72, CDllc THbIN 2B DCITH T,

CCL22 DRIITFRD b N7 d> > 7= (Fig. 2B),

ccL17 ccL22 - %
0.02 0.02 oa
c c * * 0=
S S N
o - N
8 8 -
5 5 9
Q
g 0.01 3 0.01
= B
i 3
Q Q
o o
0 0 o
Oh 6h 24h Oh 6h 24h a

Fig. 2 Induction of CCL22 expression in the muscle tissue.

(A) The expression levels of CCL17 and CCL22 mRNAs in the muscle tissue were examined by real-time PCR.
The data are expressed as mean £ SE of results from four mice. *p < 0.05. (B) The frozen skin sections were double
stained for CCL22 (red), CD11c (cyan), and CD11b (green), DAPI (blue). The yellow arrowhead indicates co-
localization of CCL22 and CD11b. Representative results from at least three independent experiments are shown.

3. CCRAXREB=YRICEBIT 3 DC DiEHlb~——DRB LB Y v Hi~DHEMRNT
CCR4 KABIT X » THURIE G DA AR ~D Treg D ERAHEI NS 2 L ZHL 1T L 72,

Treg O HAMRIC 10 2 il & U<, SUZFHEOMIERS & 2%, DC OEHELZHIHI L Tw
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2¥REDID 5[24,25], D7z, HAHKICE T % DC D CD40 <° CD86 7x & D ikt~ — /1 — D FIH
RIENT L7z, 72, WEMLL72DCIZY v ik — I v 7 icBb 3 CCRT 2 HEL L, WEFEDLTH
) vonHintilEET 5 LMo NG, % 2 CTHIAMMKICIE TS DC D CCRT DFHL, b NCY v
i~ L EE L 72 DC O FIE b RBRIRFIICHT L 72, OVA &5 12 Rl o iRk IC 3510 5 DC O
Mt~ —H—DFHH B L CCRT DA L7z 25, OVA %5 L7z CCR4 RiE~ vV 2D DC
I3 \»T CD40, CD86 ¥ X UF CCR7 DFH 7235389 b L7 (Fig. 3A). X LI, HiEZHYIAA T DC
DY VA~ OWEEE G E I L 72 & T 5, OVARL 4 24 Rl X UF 48 IFf#]iC 5> T, CCR4 KiH

<~ ZADY Vi~ LEE L 72 DC DE|& D LA L 7= (Fig. 3B).

>
w

=y

g
CD40 CD86 CCR7 5
* F08
£ 2000 *~ 10000 1600 ; 8
5 *k _T_,
E 1600 8000 1200 £06
S 1200 6000 g
g 800 Zo04
o 800 4000 2 - WT.PBS
=]
S 400 = -4~ CCR4-KO-PBS
s 40 2000 gees o2 - WT-OVA
g o 0 0 BOVA I 8- CCR4-KO-OVA
= 0
o) o o y y y T
&€ & & 0 12 P! 3 a8
& & & o
o < %) Hours after OVA administration

Fig. 3 Enhanced DC activation and their migration to the regional lymph node in CCR4-deficient mice.
BALB/c WT or CCR4-deficient mice were immunized intramuscularly with Alexa Fluor 488-conjugated OVA (1
ug). Twelve hour later, cells were isolated from the muscle tissue and 12, 24, or 48 h later, cells were isolated from
the regional lymph node. (A) The surface expression of CD40, CD86, and CCR7 on OVA loaded CD11c* DCs at
12 h after the OVA injection were analyzed by flow cytometry. (B) The percentage of migratory DCs (MHC class
[1high CD11¢™™ DCs) in the regional lymph node was analyzed by flow cytometry. The data are expressed as mean *
SE of results from six mice. *p < 0.05. **p < 0.01.

4. CCRAMAEHIC X 37 2y MR & X H = X LEHT
INETOCCRAXRIE~Y A%k 745 H 2 6. CCRA X~ v A DfjiAMAMKIC OVA %% 5.3 % C
LT, WT =7 R EHTHAMBRIC ST 5 Treg LR X 1, DC ot b 22 L. Fifkfio &

A0l ERIINDE ZEBTRIRINT, ZD7D, CCRAMEFEA 25325 C LT, FkOFER I %

I ND DT ZIT o7z, 723, CCR4 DFHEAIC X compound 22 % L7z, 2 LT, OVA B X
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UF OVA + compound 22 % iR G- L, BFEENT 21T 572, £ 3. Treg DEMBEEZEIT L7z 25,
compound 22 D SGIC X - T, HHAMRIC BT 3 Treg 0BRSS 6 B Ic B WD L 72,
72, PEY voRENC BT 5 Treg DEMEICZILIZ R &Nk p - 72 (Fig. 4A). FiRAHARD DCIcE 1T 3
WL~ — 71 — D FHI° CCR7T DRI O WTHNT L7z & 2 A, compound 22 Dff % G-I BT,
CD40 o FEB I 5-f#[5] > CD86 ¥ & f CCR7 D FEHL LA A58 b7z (Fig. 4B). % LT, Filg Y v Hi
~LilEE L7z DC OEI&Z T L 72 & A, compound 22 DAEF 5% 24 K3 X O 48 KEEiC 5T

Y v oRffi~ e EE L 72 DC D E[& A3 ER L 72 (Fig. 4C),

Muscle tissue Regional lymph node B
1 10 CD40 CD86 CCR7
. - 2 - = .
£ 08 £8 £ 1600 10000 - 2500 *
3 3 E
g 0.6 g 6 E 1200 8000 2000
7 04 g4 E 800 6000 1500
E g @ 4000 1000
0.2 2 S
* * 2 40 2000 500
’ V] 5 10 15 ° 0 5 10 15 E 0 0 0
= el g =l v ] g
& & 3 o & & W & & (\S"
Hours after OVA administration Hours after OVA administration ds G)
& R
- OVA °o¢ (PSQ c_,od\
—k— OVA +Compound 22 ?_! ?”‘ ?*
o o &

(X

-

=
e

=
S

MHC class [1M" CD11c™ cells {%)
= =
L] o

-o- PBS
- OVA
0 12 2 36 48 - OVA +Compound 22

=}

Hours after OVA administration

Fig. 4 Compound 22 inhibits Treg cell recruitment to the muscle tissue.

BALB/c mice were immunized intramuscularly with OVA (1 pg) alone or OVA (1 pg) and Compound 22 (0.2 pg).
6 or 12 h later, cells were isolated from the muscle tissue and 12, 24, or 48 h later, cells were isolated from the
regional lymph node. (A) Treg cells in the muscle tissue and the regional lymph node. Foxp3*CD4* Treg cells were
analyzed by flow cytometry. (B) The surface expression of CD40, CD86, and CCR7 on OVA loaded CD11c* DCs
at 12 h after the OVA injection were analyzed by flow cytometry. (C) The percentage of migratory DCs (MHC
class I1"9" CD11c™™ DCs) in the regional lymph node was analyzed by flow cytometry. The data are expressed as
mean + SE of results from six mice. *p < 0.05. **p < 0.01.
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RIZ, compound22 D7 2 F TV a Ny b ELTORREMBTT 27201, V27 F v ORhRICERE
R SRR 21T > 72, £ 3 compound 22 D 512 5T b HURKF R 2 Jiikili 25 L 79 2 2 b
L 7z, compound 22 Dff %5 % 2 MR T ATV, BAEEEH5 2EHICEZ I L . APk
fili 2 JE L 7= A5 5. compound 22 D RS- 1C X - T OVA KM 72 196G, 1gG1 F X ¥ 1gG2a D 578
) b7z (Fig. 5BA). & 51T, compound 22 Df G-I BT, FUEF RN 7 THIAEAFHE I N 2 2>
T U720 % DFES. compound 22 DOf %5 < Th2 M, Thi#iflds X O CTL O LA BZED b
(Fig. 5B), % L T. compound 22 O %51 5\ THHESE 23780 H 1L 5 2> #HT L 72, compound 22
DG % LA TR, &E&85 0 7 HEIC E.GT-OVA ISl 2 RN B L. #EHIIC

HEE IS5 AR D AT %2 1T o 7= A 3. compound 22 D fif % 5 CTHURE A 3328 & L7z (Fig. 5C).
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Days after tumor inoculation

Fig. 5 The effect of Compound 22 as a vaccine adjuvant.

BALB/c and C57BL/6 mice were immunized intramuscularly with OVA (1 pg) alone or OVA (1 ug) and
Compound 22 (0.2 ug) twice at one-week intervals. (A) OVA-specific IgG responses. OV A-specific 19G, 1gG1, and
IgG2a titers were measured by ELISA. (B) OVA-specific CD4* and CD8" T cell responses. Seven days after the
final immunization, splenocytes (2 x 10° cells/mL) were activated with OVA (1 mg/mL), and the expression of I1L-4
and IFN-y was analyzed by flow cytometry. (C) Antitumor effect in a murine tumor model. C57BL/6 mice were
immunized intramuscularly with OVA (1 pg) alone or OVA (1 pg) and Compound 22 (0.2 pg) twice at one-week
intervals. One week after the final immunization, these mice were challenged with E.G7-OVA cells in the flank;
then the tumor volume was calculated after measuring the major and minor axes of the tumor at indicated points.
The data are expressed as mean * SE of results from six mice (A, C) or eight mice (B). *p < 0.05.
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. Z8E X /MG

REICEWT, HANKES 7 7 F v IcB T CCRA IZFEMIFlIcHF S5 $2 2 L #HL2ICL, 2D
AH =R, PURKGEHL~D Treg DERIC X 2 DC OEMALIHE IC X 2 b0 TH B L 2R LT,
—7i T, KW, KT H X UREKS TlE CCRARE~ Y RICE T 2Hikflio LA eh o7k, T4
BIL T, MAFREMEZBILG LT3 e E X b5, REMIEOIEE I IIMMREEELRH Y, ZhE
L C w207 TR A4 v EMIEEERTFTH L LBALNT WD, MERETH 5 fREHkEIC
BOWCTETrENA Vv THBCCRIL, A VTV Vv THL BT BEETH D, /2. KNPE THREG

CEBEWTIIHEE ST TH 5 cutaneous lymphocyte antigen (CLA) & 7 €751 4 v T&H % CCR4 5 X U CCR10
DNEEICBED B 2 EBHI LN TWA[22,23], L2>L. CCR4 - CCR10 D Hfid RIBTITLFIcHIT 5
Wiz e A BB RO N d o722, CCR4E CCRIOZ ELLHRIBXEZZLTRIFV MIT
FRE~DEEDMH TN D 2 L ME TN T VB3], D70, KED Treg DERGICE L Tt
CCRIO Ml TwzbEx oMb, LT, fAMMICE - CoOMBRRIEIZCnETIZE A LS
Drlleo Tz, 207D, 5l OFFRITHAMMOHMEEREMEICIE CCRAEG L TnwE T L%
RELTWw,

¥ 72, CCRA R FIL T 2MIfEIE Treg 721 Tld e\, fthicd Th2 MifE. Thi7 Mg, Th22 Mifazs &
ICEB T CCRA DFIADH & N T\ %[22, 23], Th2 Mg i3 PiiAflio EFICEES L Twb 2 &M b
T3 BARMIEICHE T, Th2#lidd CCR4 ZHE T 2 L ic X 2 fifkfli o 13580 b d o 72,
Th2 Al CCR4 7213 T/ { ., CCR3¥B XN CCR8 % HIT 2 Z L 28I LN T 5 7%, CCR4 Tl
W D ZEEE TV B RS E X b b, X HIC, naive CD4+ T HIAZIC IX CCR4 IZFEHLL Tk
W Ep b, CCR4A DHE XM AIZEOWIMNIC IR G 23, 7 7 F VIR OEES 5 NTEHED Treg
DADEG LR D E X b D, T2, PUADTHEEICIT Th2 Milig72 1 ¢ < Thhfiflgd En v
52 ERALNTW3[32], THAIEIZ CCRAZFHIIL TR NI EXMEINT WS /720, CCRA %
HET 2 I X 2EENAEETIRVWEEZLNS, Z LT, 1o Thlllay 7 v b L FEET,
CCR4 [HEH D GIC X H DC DV v Hi~DiliEE M MEE X v, Thh#ilg0FFEE M 3 2 2 & Tk

flizs EALZEEZEZOND,
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DC DMt~ — A —1Z THIL & DHUFEIRRICEETH 2 Z LB LN T3, 5T, DCICHT
% CCR7 DFHUITEMEL L 72 DC D Y v N Ei~DHHEICEEE & 72 > T 5 [33], AfFFEIC T DC D
Wt~ —7—T®H 3% CDA0 5 L U CD86, & HIC CCR7T DHINK T2 LRI Nz, THET
DT DC DI t~— 7 —TH % CDA0 B LN CD86 DFHIT Treg 4 v 47 7> a VICK VKT T
532 ERALNTVB[25], LAL, CCRT DREEICE L TIXIE & A EHED R\, D720, Treg 23
DC @ CCR7T DFHAE T X 72 A W= XL L CTREAHTH Y, SHRBHT 20ERH 2 EEZH
N5,

CCRADMHFANZT YV a NV P L THHTE MG FIMICIDH Y, ZNOEAN=ZXLDBDH>T
Wix\, Elo, AANZXLEPLPICL TR EmMXDHFEL TV S8, ZOmX TN TS
CCR4 [HEH|TH 2 AF-399/42018025 13 V v <fithic k) 3 Treg DlEEZHET 2 2 Lick by, 727 F
VOB ERE L T\ 3[26], AIFZEICE W TIE Treg DERBIRIEGHMIcEWTliflEhTtesh, B
BLET—RERoTVE, ZOEWICE L T AIEH IZRIATH 5 55, AF-399/42018025 (X CCR4 T
ERwhor Eh A VZEERE OMBEERZBITL Tz, Zhicli~<, AR L 7
Compound 22 3 fth D 7€ /1 4 v ZFRICITEAE 3, CCRAFFEMNAHEREZ R T & 2L 2 ICL
TWw3, IHIT, CCRE DRI~ A% AW TEEINLTH % FHAFHRRIC 35\ T Treg BRI &
NTVWBEZEEHLPELTWE, ZNHLDZ Db, Tregd V) v A HiCE T2 EEHEL Y b &5
HALIC B T2 EEHENEETH 2 LEX T 5,

INoDZ Lhb, CCRAMHEARZHAMMICESEG I 5 2 &<, MRMIKICEH T 2 Treg D R Z I
Hl L. DC DIEMALIESR Y v~ Hi~DiEREE N L <. Thllfa> CTLFHEEZ5 2 C L. Y
DFECTIEENRED ERZLI &R T 2HL L Lz, T DML CCRA FHEAID Treg %

Hf g2 & TRIERIGE EAT 2TV a v e LTHIFFCE 22 2O I L2 DTH B,
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FE PRRZAEBETI=XrEZHVE Thi7T#lazA L

CTLEEV V7F v T7Ta v}

EE, IFN-y 2 AT 2 ThiMilEs L IL-4 2 AT 2 Thfiflg e 1380 2, HrLwv Thifllay 7'+
v b & LT, IL-17 ZPEAET % Th17 flifE 23 % /L & 1172[34, 35], Th17 Ml IL-6 -° transforing growth
factor (TGF) -p 72 & D% A4 +h 4 VHIHIC X V. naive CD4+ T HIAE A & MEFHE X 1, IL-17 Dfthic B
IL-17F, IL-22 ZPEAE L T 3[36-38], Thi7#lidizchooH A4 F A4 vick b, PR~ 7 F FoEL
FE, HhEROIEMALCHEE 2 IEET 5 T & TERECWRIFME O &AL & i3 2 BERE & Fro[12-14],
FmaETlE, ThI7THIAED IL-2 2 L CCTL 25583 % L WO MEDLH 5 [39], KA OWfFEIcEs T
b A7 —<OHFRIC Thi7 MifE%Z L7z CTLREENEE A& 2R 2 L 2L & LT 5[40,
¥ 72, MR A IS T ThTMEOBAIC X Y, CTL OFFEIMES ., A DRIEZIIF 32 &
bEINTVB[4L], 207D, THTHIIEEZ N L7 CTLFHEERITI V2 F v T ¥ 2N b oRiRIZ
ARETH B L E 2T,

Th17 MR IC S CFET 2 2 e IO N T w5, 207D, ThTHIlEE N L7 2 F v T
Vany b OGREEE U OB~ DG %% X 72, RIS (XL AR L L ER, WK, AEhiEdR O
Lo nEcELNMIc BT 208 2T L4 Th Y, ERoEEEEHR T 2 EcEEAKRE %
Rl Tnwd, MEGEICE W CTEERKEZEH S 0 25EELE Y v - SHE (MALT) TH 5[42].
MALT @ FRJEIC i M ARG & MEiE 2 HUEE D GABICRHE L 22l FEL CTHh ., ZDETO< Y
o7 7 —Y% DC 7% & OYFIR AR O BR 21T 5 [42,43]. &b OFtsEiEnHlEIx Z o & B
ICHFES 204 —7 T iR Z R L, FURICH 32 g2 58 L T 5, R IC 5w T,
MALT 721 C7x < Kil[E A & ICfFES 5 DC b BAG-3 %, KilEA & ICfEES 5 DC i iz 200 %
7y FAH Y, FTH CD11b*, CD11ch, TLR5* DC & CD70%, CD11bM, CD11c™ DC i3 % 712+ TLR5
¥ X U adenosine triphosphate (ATP) D24 TH % purinergic 2 (P2) Z &A% /- L T Th17 fifid % FFE 5
% Z &R I T %[44, 45], CD70%, CD11b", CD11c" DC i3 fthd DC & tb~_T P2 ZER DRI &
. BENCEWCHIEIELET 2 ATPHIBUC X WG b L, IL-6 ° TGFp 2 FELET Z L T

Thi7 Mg ZFFEL T3 EE 2 b T 5[44],
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% ¢, FEEICHEES 35 CD70Y, CD11b" CD11cw DC # P2 ZRET7 ==X b CiEM b 3 2 L T,

Th17 #2355 L. Thi7 MR 7% CTLFHFET 2Ny F DRzl A» 72,
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. EBITE

1. EBREY

C57BL/6 ~ 7 A (7-10 MM, M) 13 /KEBI R S A L 72, EEREI I I ETREE S X UKEK
ZHEINT ., 1) 24°C T 12 FEOWIEY 4 2 vicRFi I N7 SPFERE T OHECHE L 2, &b, B)
PFEBRICBE L CIEMERtifl &2 i KA B R BE R ICHEE L, AR 257 5 2 CLd K- FERIY)

HEICE S WTI{To 72,

2. MRE o Higk

~ 7 2D EREEEEE 2 L L. RPMI-1640 A%< 1.0 mg/ml @ =2 5 % F — % D (Sigma-Aldrich Inc.)
EMATZHERNTT D DORL, 37°C T30 0MIRE 5 LA 4 vFax—1+, PBS% 15 ml £ TAN
L 40 pum Cell Strainer %3 L 7z, 1,500 rpm T 7 7rffiE L &2 1T\ B3GR ZE, LT v £ =7 L5EIMNA 2
ml CHE LK ETEmin 4 v F 2 ~_— 1%, PBS % 10 ml 701 L 1,500 rpm T 7 @0 % 70 kR
K35 L CHliINEZGR, v~V RO Y v o HiZfH L, PBS N TF Y DL 7%, 40 um Cell
Strainer 1@ 3 2 & CTHEZS 2, vV AOMIEZ T L. PBS N T3 Y DL 721, 40 um Cell
Strainer (38 L, 1,500 rpm T 5 il L, BiEZBRE L 2, M7 ve=7 ZEMmA 5 ml & L

KETEHMA vF 2x—=11, PBS % 10 mI#sM L 1,500 rpm T 5 0 fhiEO &2 frv BigkRET 5 2 &

CHMINE 21572,

3. Zu—%4fFrAFY—
Bl L= TiETIT 2 72,

AT L 7= Al dh e ik

FITC #553% anti-mouse CD4 (clone; GK1.5). APC/cy7 f&£:# anti-mouse CD4 (clone GK1.5). PE 5 anti-
mouse CD11c (clone; N418). PE/cy7 £Z:# anti-mouse CD8o (clone; 53-6.7). PerCP/cy5.5 f2:# anti-mouse
CD45 (clone; 30-F11). Biotin &% anti-mouse CD70 (clone; FR70) & X U8 APC i streptavidin (%

BioLegend X Y i A L 7z,
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AT L 7= Al A e ik

APC 1525 anti-mouse IFN-y (clone; XMG1.2), AlexaFluor488 15 anti-mouse IL-4 (clone 11B11) ¥ X T*

PE f2£5#% anti-mouse IL-17A (clone; TC11-18H10.1) % BioLegend & Y HEA L 7=,

4. Real-time PCR
BBl L HETIT o7, L7 74 ~—2 Table2 @Y TH 3,

Table 2. Primers used in this study.

Target MRNA  Forward primer Reverse primer

P2X1R ACGAAACAAGAAGGTGGGAGT AGGCCACTTGAGGTCTGGTAT
P2X2R GAGAGCTCCATCATCACCAAA CAGGGTCTGGGAAGGAGTAAC
P2X3R CCGAGAACTTCACCATTTTCA TTTATGTCCTTGTCGGTGAGG
P2X4R TGGCTACAATTTCAGGTTTGC GATCATGGTTGGGATGATGTC
IL-6 CTGCAAGAGACTTCCATCCAGTT AAGTAGGGAAGGCCGTGGTT
integrin-B3 ACAGCATCGCATGGACCAA AAGCAACCCGATCAAGAATGTG
integrin-aV CGCCTATCTTCGGGAATGAATC CCAACCGATACTCCATGAAAATG
IL-4 CAGCTAGTTGTCATCCTGGTCTTC GCCGATGATGTCTCTCAAGTGA
IL-17A CAGCAGCGATCATCCCTCAAAG  CAGGACCAGGATCTCTTGCTG
IFN-y GGAGGAACTGGCAAAAGGATGG GGTGGACCACTGGGATGAGC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

5. CD4'T s X O DC » Bl ik

CD4*T AlfEICBE L <. Wi & MifE % B L. staining buffer T 2.0x107 cells/ml @2 1 Ml % 34
L7, =Dk, anti-mouse CD16/32 % 1 pl/1.0x10° cells THM A T 1574 v F 2 _—F L7z, KIT,
Bionylated Mouse CD4 T lymphocyte Enrichment Cocktail (BD Biosciences) % 5 ul/1.0x108 cells THll z. T,
KET 1554 vF 2=+ L7, 10582 D BD IMag buffer T L. R 7 v 27 X L7 BD IMAG
Streptavidin Particles Plus (BD Biosciences) % 5 ul/1.0x10° cells THI 2T 30 73ffl4 v ¥ =2 ~X— } L7z, BD
IMag buffer (BD Biosciences) T 2.0x107 cells/ml D ICHldfi 2 % L. magnet iC v + L7z, 8474,
FiEZEULL, b 95— magnet ik v + L7z, 80, EiEZBEUXL., MIfOEZ %L 7z, DCICBAL
T. Pligs L CEAEEREAE 2> S Mg % BEE L . anti-mouse CD45, anti-mouse CD11c, anti-mouse CD70 T

MRS RO 21T S, Z DIk, kLY — & —FACSAria (BD Biosciences)iZ T DC 43/ % Hififi L 7z,
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6. Invitro ic ¥ 3 MIEREE S

10% FBS (Sigma-Aldrich Inc.) . 2-Me (gibco) . L-Glutamin (gibco). #iiZE#)E (gibco) F X ¥ NEAA
(gibco) &H RPMI1640 (complete medium) T, CD4*T #IAE (5 x 103 cells/well) & DC (5 x 102 cells/well) %
U JiX 96well plate ICf&FfE L 7z, % L . anti-mouse CD3 3 X U} anti-mouse CD28 % Z 1% 41 0.5 pg/ml,

aB-ATP % 10 uM TE#RMI L. 37°C. 5% CO 5=fF T 4 HREEE# L 72,

7. HEREYLEERT V-0

ETAHUE & LT OVA ZffH L. 10 mg/ml DIRFEIC7: 5 X 5 i PBS TH#EMEL 72, of-ATP (Sigma-
Aldrich Inc.) 1% 50 mg/ml DRFEIC 7 % X 512 PBS CTIAfEL 72, BE5FEHITREDIBETH 5,

1. PBS (15 pl) &R

2. OVA (10 pg/15 pl) BEFRATR

3. OVA (10 ug) & ap-ATP (100 pg) EAAWE (15 ul)

ZN% C57BLI6 ~ 7 RITH L C it 3 ICRPENZE L 72, T 0%l 1ERET 3 [EIfT - 72,

8. OVAFRER THZCE

F—BICE LI HETIT> 72,

9. Invivo CTL assay
~ v 2D RE D O AL & HEE L . MIAEECEHIE L, 1.0x107 cells ICFH%E L 7= Tube A & Tube B 1K

L7ze ZNZ N RPMI1640 1 ml TR L. Tube A I D A& OVA peptide (Sigma-Aldrich Inc.) 25 10 uM i
BBEIICEEL, EH 5% 37°CTLIMA v ¥ 2 — b33, 1,500 rpm T 550 hEO 2170 EiEER
F L. PBS Tt L 7z, CFSE (eBioscience) % CFSE 10 uM (CFSEM®") & CFSE 1 uM (CFSE'") DT
FHFE L. CFSEMe" 1 ml, CFSE™ 1 ml % Z %4 Tube A, Tube B I Z &M L. XL 7285 15 0
A vF*a_—=1} L7z, RPMI1640 (20% FBS) % 5mllx. K ET55MA4 v ¥ 2 _—F L7z, 1,500 rpm
T 5 4rfiE L Z TV EIERRZE L, PBS THE#3 %, RPMIL640 % Tube A, BICZLZ4 250 ul iz, %
no ZREGbE 7, L MIE 500 pl 2 &Ko 1EERD <7 R ICHIRES L 72, 18 K,

RS L 72~ v 2 o ifiEs A Z HEE L. PBS TR L 72, MINORCZ SRR, HIREREM % 40 pm
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Cell Strainer ICi L, 7a—% A4 F A b U —fbTICE L7z, 70 =34 F X b U —@HTFER 25 OVA

FrRMREGEEEZREL L2, £, CHREFEIREN S 2~V 2—ILy0ERTETSH 5,

OVA T By T b P 5 i

specific lysis (%) = 100 — ([CFSEM3" immunized/CFSE"Y immunized]/[CFSEM" control/CFSE'" control]) x 100

10. [EEAMIREEEST s X VM REHE

B—BEICE L2 HETIT> 72,

11. P2 ZAAFHEHA] Suramin DGR 7Y 2 —n
P2 ZARHEHRITH % suramin (Sigma-Aldrich Inc.) % PBS ICAf# L

5137 7 5 5 LIRS L 72,

12. Wt

F—EICE L2 HETIT- 72,
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I1. SEERE R

1. SMEEAREICET 3 CD70, CDllcwihRHIf D FE

FilEAHA R © CD70* DC A E MKE A E il S T 2 28, REZSMEEGEICHFEL TS
EWIOIRERAR Y, 20y, BKEEEEICE T 5 CD70*DC DFEERHL 2 ICT 5 720 SFEMET
#{To7z, £3. CD70* DC BEMIEE GG ICHIEL T b7 v —3 A4 b X MY —ICTHEITZ1T 2 7,
¥ 72, CD70*DC A3 & A BT & o\ LRG3 B 2 B IC 3515 5 CD70* DC DfEHT 3 [FIREICfT
> 72[44], % DFEE, CD70* DC i3 SMEEAE Co AT 2 2 L AT E, fERkOWEE Y Pt <
IR X 7D o 72 (Fig. 6A), £ 72, CD70* DC 13\ 25D P2 ZAE %MD DC & H~_T% < FHH
LTWaZEBmMEINTVE, TTH P2XZAEMED Th17TMlEOFEICELG LT3 tE2 L TWY
b, XD, BKEEAERE L Y HEEL 7- CD70* DC ICE1F 5 P2X1,2,3,4 LA OF I % Real-time
PCRIEICTHIT L 7o % DR, P2X1, 2, 4 ZERDFHLIL CD70*DC TD A LA LT3 T L ARE
Niz, £72. P2X3ZAEERDOFBLILIED DCIZHEWTH K E 21380 b Nind - 72 (Fig. 6B).

CD70* DC ¥ Th17 MO LFFEICENTW S Z L RE SN TH Y, Thi7 MO LFHEICIZ
IL-6 ° TGF-B IC X 2RI A0EL 725, ZD7/=, HEfL 72 CD70* DC i ATP TifitE{by 7 F %z
25T LT, INLHA AL VOGRD ERT 20BN E2ITo 72, b, TGF-B ILEFIRE IZAIE
MALREETH Y, A v 727 ) voBEic X o TEELIREEL 22 2 L2265, TGF-B DiEMEL 2R3 4
VI v ORBEBNT LT, £, BEDO ATP 3T 2 F X7 LA F X —XIT X B IkDfEE 2T T
LE 970, KGRI D ATP (0p-ATP) 27 ¥ 2 "v b & L CffH L 72[46, 47], CD70° DC T,
of-ATP DHRINIC K 5T IL-6 A4 v 727V vOFE EFIIR O N0 o 7223, of-ATP ORI Z N Z 72
CD70*DCICHEVTDRIL-6°A v 7 7V v OFH LA L7 (Fig. 6C),

Fiva T, CD4* THllfE & B 21T 5 © & T, EBRIC Thi7 Ml FHE X h 2 T %2 1T - 7z, CD70°
DC & DEEBR R TIE IL-17TA ORIICELRR SN o7 b DD, af-ATP OFlI% Il 2 72 CD70* DC
EDOHREBRRICEVWTOA IL-1ITA OREBEF L7z, b, IFN-y ICE TR EL LD KIGRICE N
THEPRONE 2o, IL4 ICBWTIFEDLLDORIGHRICEWTH R LF»BE D b7z (Fig.

6D).
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Fig. 6 Identification of CD70*CD11¢'°" dendritic cells in nasal lamina propria.

(A) Flow cytometry. Cells were isolated from the spleen and the nasal lamina propria of C57BL/6 mice.
CD70*CD11c'" DCs in the CD45 gate were analyzed by flow cytometry. Representative results from at least
three independent experiments are shown. (B) Real-time PCR. The expression of P2X1, 2, 3 and 4R in splenic
CD11c* DCs, nasal lamina propria CD70" DCs and CD70* DCs was examined by real-time PCR. The data are
expressed as mean + SE of four independent experiments. (C) Induction of IL-6, integrin-aV and integrin-p8
in CD70*CD11c' DCs by ap-ATP. CD70°CD11c* DCs and CD70*CD11c"" DCs were isolated from the
nasal lamina propria and treated with or without af-ATP (10 uM) for 3 h. The mRNA expression levels of IL-
6, integrin-aV and integrin-p8 were examined by real-time PCR. The data are expressed as mean + SE of four
to eight independent experiments. (D) Induction of Th17 cells in vitro. Splenic CD4* T cells were cocultured
with nasal lamina propria CD70"CD11¢* DCs or CD70*CD11c¢"" DCs in the presence of anti-CD3 and anti-
CD28 monoclonal antibodies and with or without a-ATP for 4 days. The mRNA expression levels of IL-17A,
IL-4, and IFN-y* were examined by real-time PCR. The data are expressed as mean = SE of 5-10 independent
experiments. *P < 0.05. **P < 0.01.

2. of-ATP HERIRGRICE T 2 THilEOEIE
FIFEDFER LY in vitro I W TEAEEFEH O CD70* DC 28 of-ATP OHIHIC X - T Th17 #fl
oz FET 2 BHOpE o7, £ T T, af-ATP 2~V ZDEENICKE T3 2 & T, SEN&

GBS 5 U v o CH 2 SR Y v osHie, FATHIR L 7 B SORSIEEE T 1< BT Tha7 #ifigo sy

25



CFER AT 2070 =34 b A Y —ICTHNT L7z, SEERY v il X CRKREEE Ic B W T
op-ATP fFHEET Thi7 fMildomaZw b, X5 CTL b EF T2 R E iz, 5T, SR
Y v oREIIC B W T of-ATP JFFEET Th2 filgo ER 25D bz, 72, Thiffildicks vz oks

FEICE W TH EITRD bt - 72 (Fig. 7).
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Fig. 7 The percentages of OVA-specific T cells in CLN and Nasal lamina propria.

Induction of OVA-specific Th17 cells and CTLs in vivo. C57BL/6 mice were intranasally immunized with PBS,
OVA alone or OVA + of-ATP three times with 1-week intervals. One week after the last immunization, cells were
isolated from the nasal lamina propria and cervical lymph nodes. Isolated cells were stimulated with OVA (1
mg/ml) or OVA peptide (1 pug/ml) for 24 h in vitro. Th17 cells (CD4*IL-17* cells), Thl cells (CD4*IFN-y* cells),
Th2 cells (CD4*IL-4* cells) and CTLs (CD8*IFN-y* cells) were counted by flow cytometry. The data are
expressed as mean + SE of results from six mice. The data are expressed as mean + SE of results from five mice.
The data are expressed as mean = SE of results from six mice. *P < 0.05. **P < 0.01.

3. op-ATP IZ X 2 HUFRK BETTUEDFHE L HUBEHR
Fw, -2 XD op-ATP OHFHBEGIZEH Y v 3ffic, PUROFEICEN TR filaziFE 3 2% C
LAREI NI, PO EICH T, Th2 M3 1961 DFEIcENTWw5 2 &£, Thl Mz 1gG2c

DFBITENTHDEZLRMONT W B[48], % 2T, OVA R 1961 B X U 1gG2c ZfEHT L 72 &
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Z 5. op-ATP ffH#ET 1gGL @ LA b7z, % LT, of-ATP ffHEET Thlflfdo kA 1cHBE 3
% 1gG2c O _EFIFFED Lz b - 72 (Fig. 8A), & H I, FHE X N7 CTL ICHUR R R A MG Eimt:
D3H B DAl gD 7 HiZIC in vivo CTL assay Z 1T\, T 21T o 720 % DR, op-ATP ff ¥ G4F
TDH, OVA &3V A Lo 2R vz, & o ichili e Raiie S EmE 2 @3 2 & af-
ATP OFFRE T A, FURFFRAAIIZE EEED EA 2R S 7 (Fig. 8B). £ 2 T, FEFERIC af-ATP D fjf
512 X 0 YIS R 2R T2 8 ) R 1T o 72, W50 7 HERIC E.G7-OVA BB % 5K
PERE L. % H I BRI ARE D AT 247 o 7245 JE. of-ATP OFFRE C o ZEE o BFEIEIZh S % 7R L 72

(Fig. 8C),
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Fig. 8 Effect of ap-ATP on OVA-specific antibody and antitumor effect.

(A) Serum IgG1 and 1gG2c. OVA-specific 1IgG1 and 1gG2c titers were measured by ELISA. (B) In vivo CTL assay. Mice
were immunized as mentioned above. One week after the immunization, these mice were intravenously injected
with OVA257-264-pulsed CFSE"9" splenocytes (antigen-positive target), and non-pulsed CFSE'" splenocytes
(negative control). After 16 h, CFSE-labeled target cells in the spleen were analyzed by flow cytometry. The data
are expressed as mean + SE of results from five mice. (C) Antitumor effect: mice were immunized as mentioned
above. One week or 8 weeks after the immunization, mice were challenged with E.G7-OVA cells in the flank. The
tumor volume was calculated by measuring the major and minor axes of the tumor at indicated time points. The data
are expressed as mean + SE of results from six mice. *P < 0.05. **P < 0.01.
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suramin[49] % of-ATP %45 1 FFfEATICHR G- L, SEEIT 2T o7, £3. THIIMOFIAICE L T L
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Fig. 9 Inhibition of ap-ATP-enhanced CTL responses by suramin, a P2 receptor inhibitor.

(A) Induction of OVA-specific Thl7 cells and CTLs in vivo. C57BL/6 mice were intranasally immunized with
PBS, OVA alone or OVA + af-ATP in the presence or absence of suramin three times with 1-week intervals. One
week after the last immunization, cells were isolated from the nasal lamina propria and cervical lymph nodes.
Isolated cells were stimulated with OVA (1 mg/ml) for 48 h or OVA peptide (1 pg/ml) for 24 h in vitro. Th17 cells
(CD4*IL-17* cells), Th2 cells (CD4*IL-4* cells) and CTLs (CD8*IFN-y* cells) were counted by flow cytometry.
The data are expressed as mean + SE of results from six mice. (B) Antitumor effect: Mice were immunized as
mentioned above. One week after the last immunization, mice were challenged with E.G7-OVA cells in the flank.
The data are expressed as mean = SE of results from six mice. *P < 0.05. **P < 0.01.
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FiE#A% T3k % 72 DC ¥ 7 v P BFET 5, AFEICHWCER & L7z CD70%, CD11b", CD11c'™%
DC iifth> DC ¥ 7k v I+ & H_T ATP OB L 72 2 P2 ZEERBL L FHHL TB Y. BHMEDORE
4423 ATP ICX > T Thi7 M2 FHE S 2 2 L A ME I N T 5 [44], AETEL MR,
CD70*DC 78 EpEIEE A & i fF7E L CTH 0 . invitro iIC31F % CDA* THIlE & 0 HEEEICE VT D op-ATP
ISIORET Thi7 B L 2 2 IL-1TA D ERZ/R L7z, Z LT, of-ATP ZffH&K G535 L T, &
e G i B 3 2 MR IC B3 € Thl fiiE©ide < Thi7 Mifldo LR Znicki{ CTL FE1R» 6
Niz, Tolc, FEI N CTL I HUEF RN MG EEEZ Tl TH V. OVAZREIL T3
NS AT I 3 2 YU IR SR L 72, 2 LT, P2 ZEARDHEFEAITH % suramin %512 X 5T, of-
ATP %S X 2 HUEEN R OWBII RO bz, Z D=0, of-ATP OEFAIZ P2 ZEEKENL /2
FHTHh B LEZLND,

FEIEAH R A © Thi7 Ml 3#FE % 3 DC ¥ 7% v kiciE CD70*, CD11bM, CD11c"" DC LIAkic
CD11b*, CD11c", TLR5* DC 25777E 3 % [45], 2D DCIx TLRE D Y 77~ F & 72 % flagellin D Hl# % %2 1
2 & TIEMAL L Thi7 MO LB % et L T\ 2813 H 2 235, P2 ZRMAZ AL C Thi7 file %
FET L0 EFARHTHLE, LrL, TLR3 LD TLR O 7 FAMGERIKICIIT X T2 -2 v o808
T»H % MyD88 B4 3 % H3[50], MyD88-KO ~ v &I ATP 5 %175 Z & TH N D Thi7 Mifgsshy
M2 EeRHEINTNSE, O S H CD70Y, CD11bM, CD11c™™ DC 78 Th17 Mg FHE L T
52 L IRMEITHDEEZLND[44], TOMTICEWTY, P2 ZRAHERTH 25 suramin %512 X
D BEES O HIIHINEI R AE L WIS L7z, £ D7z%, TLR5* DC Tli7 { CD70*, CD11b", CD11icw
DC %41 L 7= Thi7 il o L eI iz L Ex b s, 72, of-ATP DS IC X 5> T Th2
MEOFELRD bz, Zhid, LRI LICE T, ap-ATP D ENESIC X b Hiikflio FHE 7
Ao bbb, IL-4 DFFEICE L CIXRERHBICHTES 2 CD70* DC IR S 3, fthod DC icHw»
THHFEI L LEZ LN B[51].

INE I Thi7 fifEIx ) v o3fE[52]. EHEIE[S3]. LA [54]. ARG A[55]. E23A[56, 57]. ATl
fa A3 A [58]. BE[54]. SHE A A5, 60]. HIVARDSA[61]7x &, X I EAMEEO v~ DOEE I

TEI LWL Lo TEHY, MHRIC K > THEZIIES € 2@ % PG 2P €28 % 28T
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Lo, BAEZWMESHL K IN Tz, BEZHEE & 5@ % Clk, IL-17 2EEARIC BT 5 ImE
FAERMATEOEE 2 EEX 25 2 LA RE XN T\W3[58, 62, 63], EEZKDV X2 2@ &L Tl
CTL % NK fifd RISt M X225 2 & Sifh Bk 2 N & ¢ 2 2 & g% PRS2 & oW
25% 5[64, 65], % LT, Th17 Mgz S—7 4 ) v 277 VA LR FELE L o\ 72 D EENICHUEES)
BEFELRWEEZLNTB[66, 67], 2070, MoPEEHEL FowEiilazFEas s
TN ICESEE A5 g T EZONS[68], £7-. Thi7THIlEOEET 2 IL-17 iZ~27 v 7 7
— VG L T IL-12 OFEEZRET 2 2 L 2 IE I N TEH Y [69]. IL-12 1% CTL DA RE LM
GEEEOH E2FERI T e AMONTWB[70], X5 WTETIE IL-2 AL T CTL 235
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Th1AAIZETE L Cwinwn 23, Thi7 fildoidlie CTL o FRARINZZ &6, ThiTHildz AL 72
CTLIAEE M ThNztEZObND, I b, MEEAAICENTIE ThI#MOBA LY b Thi7Mido
BAICX 2 CTL SHEM R LPUEE RSN C L B WE TN TVWB[4], 9 o iiEr o b, Thl
M2 T, ThI7TMIfEZ N L7z CTLEEET ¥ 2N v b OERPHELZIT O 2 &1k, AL
RicEbE-BFRICELT LR TEZLEZLND,

RIER TG GRS 2 MDY v 38Rk D 2 iZ MR s & & b Lz g fiE R L IBE %
T UL L 72RO & L7z fiddnr TIEEN L T 2RI GIERICH T2 e TE 5, 2L T, KT
BER EDRERIER~DT 7 F VRS TRMRERZIZLALFEET S LB TE R0, &P
W57 & ORI GRIER~D T 7 F VB G TEIMRGERZ T TR G RERDFEINL LM
HoTw3[71, 72, S RIOWTE CREIENE S IC X ) FNES L 72 E5 I3 2 FEEM R 2 RT &
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2L WHIHERD 5 7-0[73, 74]. FHERY v 3HiT CTL FERTONAER, PSR EZRL 72
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